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OPERATIONAL SPACECRAFT ATTITUDE SEQUENCE FOR MISSION F

By E. C. Howell
C. R. Hunt
V. W. Simmons
Mission Design Section
TRW Systems Group

1. SUMMARY AND INTRODUCTION

1.1 General

This document contains the operational spacecraft attitude sequence
for mission F. The purpose of the document is to provide a source of
spacecraft (command and service module (CSM) and lunar module (LM))
attitude data for the nominal cislunar and lunar orbit mission operations.
Changes and revisions to the preliminary F mission attitude sequence,
Reference 1, have been incorporated in order to present the latest possible
mission planning inputs. These updates include the May 18 launch date
with the extended lunar orbit stay time, the approach azimuth change to
duplicate the lunar landing mission (mission G) ground track, and the
recommended landmark tracking procedures.

Cislunar and lunar orbit data for the spacecraft operational attitude
sequence are presented in the following format:

1. Discussion of the major attitude events occurring in the mission

2. Figures illustrating the spacecraft attitude events and activities

3. An attitude timeline listing the chronological sequence of events
(Table I}). Mission event times were obtained from the Apollo 10 Final
Flight Plan, Reference 2,

4. Tabular data summarizing the pertinent spacecraft attitude and

orbital parameters (Tablell)

1.2 Trajectory Profile

004



docked CSM/LM attitude data were obtained from the Lunar Mission
Analysis Branch of MPAD-MSC. The lunar orbit rendezvous trajectory
parameters were furnished by the Orbital Mission Analysis Branch of
MPAD-MSC. The mission trajectory profile from earth parking orbit
insertion to entry at 400, 000 feet altitude was precision integrated by the
Apollo Reference Mission Program, Version ARMO06. Launch date for
the mission is May 18, 1968 at 11:48:35, 3 Eastern Standard Time with a
72-degree launch azimuth and a Pacific translunar injection (TLI) on the
first opportunity.

Translunar and transearth flight times are approximately 73 hours
and 53 hours, respectively. The lunar orbit phase consists of 31 revolu-
tions (approximately 62 hours) in lunar orbit devoted primarily to LM -
testing in the lunar environment and lunar landmark tracking.

1.3 Attitude Data Generation

The ARMO6 program was used in producing the CSM and LM attitude
data required to define the nominal mission attitude timeline. For the pro-
gram simulation, instantaneous maneuvers were assumed in reorienting
the spacecraft from an existing attitude. Appropriate time intervals are
provided for finite reorientations in the timeline. The maneuver times
arc representative only and are not intended to reflect actual rates.

In addition to the spacecraft attitude data supplied by this document,
computer tapes of the mission trajectory and attitude profile are available.
Requests for these tapes should be made through the Mission Planning
Support Office of MPAD-MSC.

1.4 Spacecraft Attitude Constraints

The CSM and L.M, both in the docked and undocked configurations,
are subject to attitude restrictions throughout the mission. In general,
these restrictions are imposed by subsystem requirements, mission
requirements, or geometry limitations.

The major constraints considered in defining the F mission space-
craft attitude timeline are enumerated below. Unless noted otherwise, the
constraints are relevant to specific events or operations. Violation of any
constraint is noted in the attitude timeline discussion (Sections 3, 4, 5, and 6).

1. Earth Orbit and Cislunar Phases ‘
a. The S-IVB/SLA/CSM/LM configuration in earth orbit ccast

should maintain a local horizontal attitude hold with the CSM plus X-axis
forward along the direction of motion and the crew heads down (CSM minus




Z-axis towards the earth). This local attitude hold should be established
following parking orbit insertion and maintained until just prior to the
translunar injection burn,

b. CSM tracking, telemetry, and voice are required during
transposition, docking, and ejection.

c. CSM tracking, command, telemetry, and voice are required
for 1 hour following ejection.

d. CSM inertial measurement unit (IMU) gimbal lock must be
avoided for all events and operations in the cislunar phase. For the
F mission, IMU gimbal lock is assumed to occur when the angle between
the outer and inner gimbal axes is less than 45 degrees.

e. During docking with no artificial lighting, the sun must lie
between 90 and 150 degrees of the CSM positive X-axis.

f. Pitch and roll maneuvers required for transposition and
docking are performed at 5 degrees per second.

g. CSM monitoring of the S-IVB is required for 1 hour
following ejection.

h. During passive thermal control (PTC) the angle between the
line of sight to the sun and the CSM Y -Z plane must be less than
20 degrees. A roll rate between one and two and a half revolutions per
hour must also be maintained.

i. A ratio of a least 5to 1 should be maintained between
periods of PTC and attitude holds. The maximum length of a continuous
attitude hold should not exceed 3 hours during translunar coast and 2 hours
during transearth coast.

2. Lunar Orbit Phase

a. CSM and LM gimbal lock must be avoided for all events
and operations in the lunar orbit phase. For the F mission, IMU gimbal
lock is assumed to occur when the angle between the outer and inner gimbal
axes is less than 45 degrees.

b. CSM and LM high-gain communications are highly desirable
when earth line of sight exists and the attitude does not conflict with other
mission objectives,

c. During the sleep period prior to LM undocking, the CSM/LM
docked attitude must provide MSFN coverage through the CSM S-band steer -
able antenna when earth line of sight exists. A nominal thermal environ-
ment must also be provided for the CSM RCS quads by orienting the
spacecraft with respect to the sun and lunar surface,




d. CSM and LM IMU alignments in lunar orbit must avoid
sunlight interference. For the F mission, this is accomplished by schedul-
ing these events to occur in darkness, During the alignment operation, the
spacecraft attitude must provide the sextant (SXT) field of coverage with at
least two reference stars from 20 to 90 degrees apart. The shaft drive
axis (SDA) must be at least 20 degrees above the lunar horizon.

e. During undocked activities, CSM and LM attitudes should be
favorable for VHF communications unless precluded by other require-
ments.

f. During CSM landmark tracking, the actual marking opera-
tion should be confined to the portion of the orbit above 35 degrees eleva-
tion angle with respect to the landmark. The CSM attitude and attitude
rate should be established to allow maximum optics coverage during this
time. Due to an optics system constraint, the CSM attitude rate while
marking is limited to a rate less than 2/3 degree per second.

g. LM inspection by the CSM must be made in sunlight as soon
as possible after undocking.

h. Tracking periods during undocked activities specify a line
of sight be maintained between the vehicles which satisfies the respective
tracking requirements of each. The initial tracking attitude for the CSM
and LM should be heads down and heads up, respectively.

i. For the CSM-LM docking maneuver performed in sunlight,
the angle between the minus X-axis of the active vehicle and the sun should
not be greater than 90 degrees to avoid glare interference to the active
vehicle,

jo During terminal rendezvous and docking, at ranges greater
than 50 feet the LM attitude must provide CSM visibility through the LM
forward (plus Z) windows. After pitchover to the docking orientation at a
range of 50 feet, CSM visibility is required through the overhead (plus X)
window.

k. From the LM jettison maneuver after docking to the LM AFS
burn to depletion, the CSM attitude should permit visual monitoring of the
LM to confirm adequate separation.

1. The LM inertial APS burn to depletion attitude should pro-
vide MSFN coverage of the burn through the LM S-band steerable antenna.,

m. At LM jettison, the burn for the CSM evasive maneuver
must place the CSM above and behind the LM at APS ignition,

Further detail on lunar mission attitude constraints may be obtained
from Reference 3. Information concerning CSM/LM docked high-gain
communications is found in Reference 4.




AGS
ALT
AOT
APS
ARMO6
CDH
CM
CMP
COAS
CP
CPA
CsI
CSM
DOI
DPS
g. e.t.
G&N
HGA
IGA
IMU
1P
LAT
M
LOI-1

LOI-2

2. SYMBOLS

abort guidance system

altitude

alignment optical telescope
ascent propulsion subsystem
Apollo Reference Mission Program, Version ARMO06
constant delta altitude
command module

command module pilot

crew optical alignment sight
control point

closest point of approach
coelliptic sequence initiation
command and service module
descent orbit insertion
descent propulsion subsystem
ground elasped time (hr:min:sec)
guidance and navigation
high-gain antenna

inner gimbal angle

inertial measurement unit
initial point

selenographic latitude

lunar module

first lunar orbit insertion burn

Junar orbit circularization burn



LON selenographic longitude

LR landing radar
LS landing site
MGA middle gimbal angle

Ml mirror image

MPAD-MSC Mission Planning and Analysis Division - Manned
Spacecraft Center

MSFN Manned Space Flight Network

OGA outer gimbal angle

PDI powered descent initiation
PTC passive thermal control
RCS reaction control subsystem
REFSMMAT reference to stable member coordinate transformation
matrix
RR rendezvous radar
SCT scanning telescope

SDA shaft drive axis

SLA spacecraft LM adapter

SM service module
SPS service propulsion system
SXT sextant
S-IVB third stage of Saturn V vehicle .
TEI transearth injection
TLI translunar injection

TPF terminal phase final

TPI terminal phase initiation
VHF very high frequency

AV velocity increment




3. EARTH ORBIT

The S-IVB/SLA/LM/CSM configuration is inserted into a 100~
nautical mile altitude circular parking orbit by the Saturn V booster at
00:11:24 g.e.t. The booster/spacecraft attitude at insertion burn
termination is inertially fixed for 20 seconds. Following this hold, the
S-IVB attitude control system positions the S-IVB (and CSM) X-axis along
the local horizontal in the direction of motion. The CSM plus Z-axis is
directed along the current position vector. This alignment (which is
heads down for the crew) is maintained by an S-IVB orbital pitch rate
during the earth orbit phase of the mission. This attitude provides com-
munication coverage during passes over MSFN stations. The local attitude
hold is terminated prior to ignition of the TLI burn which occurs at
02:33:27 g.e.t. during the second earth parking orbit revolution. Attitude
control for the burn is also through the S-IVB control system.

Spacecraft position and attitude data for the earth orbit phase of the
mission are listed in Table II{(a). The IMU gimbal angle data for this
phase apply to the launch pad alignment of the spacecraft IMU. The trans-
formation matrices (REFSMMAT) for this and other nominal IMU align-
ments pertaining to various mission phases are given in Table III,
Alignment of the IMU to a new inertial reference is noted in both the
discussion and the tabular IMU gimbal angle data.






4. TRANSLUNAR

Presented in this section are major translunar events for which
specific attitude sequences have been determined. These events include
the transposition, docking, ejection sequence, the spacecraft evasive
maneuver, and the PTC periods. Table II(b) lists the spacecraft
attitude data for the translunar coast phase which begins at TLI burn
termination (02:38:49 g.e.t.) and ends at lunar orbit insertion (LOI-1)
burn ignition (75:49:40 g. e.t.). Spacecraft look angles (theta, phi) are
defined in Figure 1. Preflight attitudes for IMU alignments, midcourse
corrections, and cislunar navigation cannot be predicted precisely;
attitude data for these events are, therefore, not available. The nominal
mission event times are indicated, however, ‘as obtained from
Reference 2. Figure 2 is a schematic representation of the major cis-
lunar events.

4.1 Post-TLI Sequence of Events

Termination of the TLI burn occurs at 02:38:49 g.e.t. The S-IVB
attitude control system maintains the burnout attitude inertially fixed for
20 seconds following thrust termination. A local horizontal attitude hold
is then established by the S-IVB with the CSM plus X-axis forward in the
direction of motion and the CSM plus Z-axis up along the local vertical.
At TLI cutoff plus 15 minutes, the S-IVB orients the spacecraft/booster
configuration to the required inertial attitude for transposition and
docking. This attitude, in terms of the local horizontal orientation at
TLI cutoff plus 15 minutes, consists of a positive 120-degree pitch, a
positive 40-degree yaw, and a roll of 180 degrees for the S-IVB. The CSM
orientation is identical except for the roll orientation which is 0 degree for
the CSM. With this orientation, the S-IVB and CSM are prepared for the
transposition and docking maneuver sequence initiated at TLI cutoff plus
25 minutes with CSM/S-IVB separation. A CSM RCS plus X-axis trans-
lation burn of 1 foot per second provides the CSM-S-IVB separation rate.
Approximately 2 minutes later, {(TLI cutoff plus 27 minutes), the CSM
nulls the separation rate and pitches 180 degrees to prepare for the
CSM /LM docking maneuver. After aligning to the proper CSM/LM dock-
ing index (LM plus Z-axis in the CSM minus Z-plus Y quadrant 60 degrees
(10 degrees) from the CSM minus Z-axis), the CSM closes with the LM
(and S-IVB) and completes the docking maneuver. LM withdrawal is
accomplished at approximately TLI plus 90 minutes after which the CSM
orients to the S-IVB evasive maneuver attitude. The evasive maneuver
burn by the CSM service propulsion system (SPS) is scheduled to occur
at TLI cutoff plus 110 minutes. The spacecraft attitude for this maneuver
is designed to account for the required SPS thrusting direction, allow the
command module pilot (CMP) in the left-hand seat to view the S-IVB
through the side window, and also provide CSM high-gain communications.
With these considerations, the CSM local horizontal attitude for the burn
is pitched 75 degrees below the local horizontal in the direction of motion
and rolled positively 60 degrees.



The CSM IMU realignment and cislunar navigation sightings are
performed beginning at 05:00:00 g.e.t. The navigation sightings consist of
5 sets of star-earth horizon sightings.

The first midcourse burn is scheduled at 11:33:00 g. e.t. The
primary purpose of this burn besides reducing the trajectory dispersions,
is to alter the lunar orbit groundtrack to duplicate the G mission ground-
track. This maneuver completes the post- TLI activities. Information for
this mission phase was obtained from the F mission flight plan,

Reference 2, and References 5 and 6.

4,2 Passive Thermal Control

The translunar coast period following the post-TLI events and ending
at the time for the last translunar midcourse correction consists, in terms
of spacecraft attitude, primarily of maintaining an acceptable thermal envi-
ronment for the various spacecraft subsystems. This nominal thermal
environment is provided by the PTC mode which involves spinning the
spacecraft about the body X-axis at approximately 1 revolution per hour.
The spacecraft is aligned initially so that the X~axis is normal (within
+20 degrees) to the sun, thereby, equalizing the solar heat incidence when
the spin is induced. Once the spin rate is established, all RCS control
jets may be disabled (true PTC), or the pitch-yaw control may be main-
tained in wide deadband which is planned for mission F. Two PTC test
periods with a 3-revolution per hour spin rate and without attitude control
are scheduled for the mission, The first test is conducted with the CSM/
LM docked during the translunar coast, and the second test occurs in the
transearth coast involving the CSM. The times for these tests are noted
in the attitude timeline, Table I, Simulation of PTC periods for this docu-
ment assumed exact attitude control in all channels (pitch, yaw, and roll).
The REFSMMAT used in establishing the spacecraft PTC orientation was
defined in accordance with Reference 7. The IMU Y-axis pointing was
determined so that the possibility of gimbal lock occurring for transearth
midcourse burns is minimized. The PTC attitude is also designed to opti-
mize spacecraft-MSFN communications by orienting the spacecraft X-axis
as near normal to the earth line of sight as possible while satisfying the
other attitude constraints noted previously.

4,3 S-band High-Gain Antenna Reflectivity Test

At 27:00:00 g.e.t. the spacecraft is oriented to the attitude required
to conduct the S-band high-gain antenna (HGA) reflectivity test. The pur-
pose of this test is to provide in-flight data on high-gain signal interfer-
ence of the docked CSM/LM with the S-band HGA tracking in the CSM plus
X-axis direction. The spacecraft attitude at test initiation with respect to
the local horizontal orientation is a pitch of minus 80 degrees and a yaw
of 20 degrees. Maneuvers subsequent to this initial orientation were not
simulated.
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' 4.4 Pre-1OI Events

The pre-LOI sequence of events is assumed to begin at approxi-
mately 70:00:00 g.e.t. when the CSM IMU is aligned to the landing site
REFSMMAT. This inertial IMU alignment corresponds to a local horizontal
attitude of 90.0, 0.0, 0.0 degrees (pitch, yaw, roll) with the nominal
(assumed) time of LM touchdown and descent orbit approach azimuth.

The IMU realignment is followed at approximately 70:45:00 g.e.t. by a
midcourse correction, if required.

At 72:00:00 g. e.t. the spacecraft is maneuvered to an inertial atti-
tude that provides TV coverage of the lunar surface from the center
. (hatch) window. This orientation consists of a 45-degree pitch and a
180-degree roll maneuver with respect to the lunar local horizontal. In
addition to providing the desired TV coverage, the attitude also places
the CSM S-band HGA within MSFN line of sight.

The lunar TV coverage is scheduled to end at 72:35:00 g.e.t. Since
the spacecraft enters lunar umbra at 72:47:00 g.e.t, a reorientation to the
PTC attitude would be impractical, and the inertial attitude used for TV is
maintained until approximately 74:45:00 g. e.t. At this time, the space-
craft is oriented to the LOI-1 burn attitude that is maintained inertially
fixed until LOI-1 ignition at 75:45:43 g, e. t.

11
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5. LUNAR ORBIT PHASE

This section contains a detailed description of the lunar orbit attitude
profile. The events are discussed in chronological order with only those
mission events which affect the attitude profile being mentioned.

‘The mission F lunar orbit profile may be divided into three major
segments

1. LOI-1 burn cutoff to CSM/LM undocking
2. CSM /LM undocking to LM jettison
3. LM jettison to.TEI burn ignition

The discussion will be divided into these segments with the first and third
segments being discussed primarily revolution by revolution, while the.
second segment is discussed according to major events. For the purpose
of this document, a vehicle revolution will be referenced to the lunar sur-
face. The first vehicle revolution is assumed to start at LOI-1 burn cutoff
and end at 180 degrees selenographic longitude. All other revolutions
start and end at 180 degrees selenographic longitude except the thirty-
second revolution which ends at TEI burn ignition,

Detailed trajectory and attitude data for the lunar orbit phase of the
mission is presented in Table Ii(c). Part { of Table II(c) presents LOI=1
burn cutoff to CSM/LM undocking. Part 2 of Table II(c) presents all of
the two-vehicle data for the lunar orbit phase from CSM/LM undocking to’
the LM unmanned APS burn to depletion cutoff. Part 3 of Table II(c)
presents the portion of the lunar orbit phase from the LM unmanned APS
burn to depletion cutoff to. TEI burn ignition. It should be noted that the
IMU gimbal angle data presented in Table II(c) are based on the landing site
REFSMMAT. The CSM and LM IMU's are aligned to the landing site
REFSMMAT throughout the lunar orbit phase of the mission.

5.1 LOI-1 Burn Cutoff to CSM/LM Undocking

5.1.1 First revolution (Figure 3). - The LOI-1 burn is designed to
deboost the CSM/LM from the cislunar trajectory and place it into a 60--
by 170-nautical elliptical lunar parking orbit. The burn is performed with
the CSM SPS engine. The CSM is in a retrograde attitude, and the crew is
heads down to afford visual reference with the lunar surface. The LOI-1
burn cutoff attitude is maintained following the burn until approximately
12 minutes prior to acquisition of MSFN line of sight. The CSM is then
rolled 180 degrees (right) to provide CSM S-band HGA communications.
This attitude is maintained inertially fixed until communications with
MSFN have been established. The vehicle is then maneuvered to a lunar
observation attitude. The CSM attitude, with respect to the local hori-
zontal orientation, is a pitch of -45 degrees and a roll of 180 degrees.
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This lunar observation attitude allows observation of the CSM/LM ground-
track through the CSM hatch window and oblique views of the lunar surface
through each of the CSM side windows. This lunar observation attitude is
held locally fixed until the vehicle enters darkness. At this time the local
attitude hold is terminated, and the existing vehicle attitude is maintained
inertially fixed to allow a CSM IMU realignment. The IMU realignment
occurs approximately 5 minutes after the vehicle enters darkness and is a
realignment to the lunar landing site REFSMMAT. Approximately 17 min-
utes prior to the loss of MSFN line of sight, the CSM/LM is maneuvered
to the lunar orbit sleep attitude for an evaluation of the CSM HGA commu-
nications mode to be used during lunar orbit sleep. The lunar orbit sleep
attitude will be more fully discussed in one of the following sections, but
the attitude is an inertial attitude such that the CSM local horizontal angles
at the subsolar point would be a pitch of -140 and a roll of 135 degrees.

To fully evaluate the communications mode, the CSM/LM must remain in
an inertially fixed attitude from loss of MSFN line of sight to acquisition of
MSFN line of sight. Thus, the vehicle attitude is maintained inertially
fixed through the completion of the first revolution. CSM S-band HGA
communications will be available from acquisition of MSFN line of sight to
loss of MSF'N line of sight.

5.1.2 Second revolution (Figure 4). - At the completion of the first
vehicle revolution, the spacecraft is in the inertially fixed lunar orbit
sleep attitude for an evaluation of the lunar orbit sleep communications
reacquisition mode. This attitude is held inertially fixed until completion
of the communications test. Approximately 10 minutes after acquisition
of MSFN line of sight, the CSM is rolled 45 degrees (right) to improve
lunar observation near the lunar morning terminator. The resulting atti-
tude is maintained inertially fixed until the time to maneuver to the LOI-2
burn attitude. The inertial attitude satisfies the attitude requirements for
an IMU realignment to the landing site REFSMMAT that occurs immedi-
ately after the CSM/LM enters darkness. Approximately 25 minutes
before loss of MSFN line of sight, the CSM/LM is maneuvered to the
LOI-2 burn attitude. This attitude is maintained through the completion of
the second revolution. CSM S-band HGA communications will be available
from acquisition of MSFN line of sight until the maneuver to the LOI-2
burn attitude.

5.1.3 Third revolution (Figure 5). - Following the start of the third
revolution, the LLOI-2 burn is performed. This burn is the circularization
burn that transforms the initial elliptical parking orbit into a 60-nautical -
mile circular lunar orbit. The burn is performed with the CSM SPS
engine with the CSM in a retrograde attitude. The CSM roll attitude
allows the crew to be heads down during the burn to allow visual reference
with the lunar surface. Following burn cutoff the LLOI-2 burn attitude is
maintained. Approximately 10 minutes prior to acquisition of MSFN line
of sight, the CSM is rolled 180 degrees (right) to provide CSM S-band HGA
communications. The resulting attitude is maintained inertially fixed
until communications with MSFN have been established. The vehicle is then
maneuvered to the lunar observation attitude. The same attitude which
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was used in the first revolution is utilized. The CSM attitude, with
respect to the local horizontal orientation is a pitch of -45 degrees and a
roll of 180 degrees. This attitude allows observation of the vehicle
groundtrack through the CSM hatch window and oblique views of the lunar
surface through each of the CSM side windows. This attitude is held
locally fixed until just prior to the vehicle entering into darkness. This
attitude should allow through-the-window observation of the landmarks to
be tracked during the next vehicle revolution. In addition, a possible _
10-minute TV transmission is scheduled at mission time 80:45:00. This
attitude will provide S-band HGA communications and will allow a view of
the lunar surface. Prior to the vehicle entering darkness, the local atti-
tude hold is terminated, and the existing vehicle attitude is held inertially
fixed until the CSM/LM enters into sunlight. This inertial attitude will
allow a CSM IMU realignment to the landing site REFSMMAT that occurs
approximately 7 minutes after the CSM/LM enters darkness. As the vehi-
cle enters into sunlight, the CSM/LM is maneuvered to the initial land-
mark tracking attitude for the landmark tracking on F-1 (a lunar landmark
to be tracked in the fourth vehicle revolution). The initial landmark track-
ing attitude is a pitch 2. 1 degrees below the local horizontal orientation
90 seconds before the CPA to F-1 (approximately 35 degrees elevation).
This initial landmark tracking attitude is maintained through the comple-
tion of the third vehicle revolution. It should be noted that approximately
3 minutes after the loss of MSFN line of sight the LM is occupied, and LM
attitude requirements must be taken into account. CSM S-band HGA com-
munications will be available from acquisition of MSFN line of sight to loss
of MSFN line of sight.

5.1.4 Docked lunar landmark tracking. - A complete list of the lunar
landmarks which will be tracked during the lunar orbit phase is presented
in Table IV. This list was obtained from Reference 8. An IP is a promi-
nent initial point which aids the astronaut by leading him into the landmark
to be tracked. The geometry for lunar landmark tracking is defined by
Figures 6 and 7. The acceptable marking region is defined as the area 7
from 35 degrees elevation to 35 degrees elevation. The period of time the
spacecraft remains in the acceptable marking region is on the order of
3 minutes. Marks taken within this region must be equally spaced and at
least 25 seconds apart. Five marks are required on each landmark, with
a minimum time of 100 seconds required between the first and the last
mark, The primary consideration is that the marks be taken over a wide
spread of elevation geometry. The SCT will be used to acquire the land-
mark, and the SXT will be used to track the landmark,

The landmark tracking attitude mode to be used for docked lunar
landmark tracking is a mode I type. A complete discussion of the lunar
landmark trackmg attitude modes available for landmark tracking is pre-
sented in Reference 9. Mode I tracking consists of an inertial attitude hold
with the CSM X-Z plane approximately in the lunar orbit plane. As the
spacecraft approaches the landmark, a pitch rate is added to allow the
landmark to remain in the optical fields of coverage while the spacecraft
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is in the acceptable marking region. The geometry for the particular
mode I tracking used is presented in Figure 8. The initial inertial attitude
is such that the CSM is pitched 2. 1 degrees below the local horizontal
orientation at 90 seconds before the CPA. A -0.3 degree per second pitch
rate is added at 35 degrees elevation and is maintained until the vehicle
exits the acceptable marking region approximately 90 seconds after the
CPA. At the termination of the pitch rate the CSM X-axis lies approxi-
mately 47 degrees below the local horizontal. The landmark enters the
SCT field of coverage 148 seconds before the CPA (21 degrees elevation)
and enters the SXT field of coverage 112 seconds before the CPA

(28. 2 degrees elevation). The landmark is still in both the SXT and SCT
fields of coverage at the termination of the pitch rate.

To aid the astronaut in landmark tracking, two times, T, and T,,
will be updated to the astronaut in real time. Tq is the g.e.t. when the
spacecraft comes across the landmark topocentric horizon. This is pri-
marily an astronaut alert time. T occurs approximately 390 seconds
before the CPA to the landmark. T3 is the g.e.t. to start the pitch rate.
Tp occurs approximately 90 seconds before the CPA.

As a result of the maximum rate limits of the optics shaft and trun-
nion angles, there are certain zones in the optical coverage area where
the optics line of sight cannot keep up with the coverage of the landmark.
This occurs when the groundtrack of the optics shaft axis passes close to
the landmark. In mission F, the optical blind zone will be avoided by roll-
ing the spacecraft so that the minimum trunnion angle is at least
10 degrees. This maneuver will be added in real time, and is not simu-
lated here. The required roll is small, and the times given above are not
appreciably affected. The optics shaft and trunnion angles given in
Table II(c) are the optics angles required to center the optics line of sight
along the vehicle to landmark line of sight at 35 degrees elevation before
the CPA. These angles do not reflect the roll maneuver required to avoid
the optics blind zone. Detailed shaft and trunnion plots are available for
each landmark but will not be presented in this document.

5.1. 5 Fourth revolution (Figure 9). - At the beginning of the fourth
revolution the spacecraft is in the initial inertial attitude for landmark
tracking on F-1. A mode I type tracking sequence is performed on F-1,
and at the conclusion of the tracking sequence the vehicle pitch rate is
terminated and the spacecraft is maneuvered to the initial inertial attitude
for landmark tracking on Bl. Because of the pitch rate for the mode I
tracking, only a small pitch maneuver is required. A mode I type tracking
sequence is performed on B1, and at the completion of the sighting
sequence the spacecraft pitch rate is terminated and the spacecraft is
maneuvered to the lunar orbit sleep attitude. CSM S-band HGA communi-
cations will not be available during the landmark tracking sequences. The
lunar orbit sleep attitude is the same used for the communication test in
the first revolution. The CSM inertial attitude is such that the CSM is
pitched -140 degrees and rolled 135 degrees from the local horizontal
orientation at the subsolar point. Approximately 3 minutes after the
spacecraft enters darkness, 25 minutes of LM communications tests start.
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Before the start of these tests, the CSM RCS thrusters that might cause
impingement on the LM S-band steerable antenna when unstowed are dis-
abled. These thrusters are RCS jets B-3 and C~4. With these thrusters
disabled, the LM steerable antenna may track outside of the preseparation
pointing region. The lunar orbit sleep attitude will allow both CSM and
LM S-band steerable communications with MSFN. This sleep attitude is
held inertially fixed through the completion of the fourth revolution.
Another test of the lunar orbit sleep reacquisition mode is provided before
the crew starts its sleep period. The LM is vacated approximately

15 minutes after loss of MSFN line of sight.

5.1.6 Fifth revolution (Figure 10). - At the start of the fifth revolu-
tion, the spacecraft is in the inertially fixed lunar orbit sleep attitude.
At acquisition of MSFN line of sight a test of the lunar orbit sleep com-
munications reacquisition mode is provided. An 8-hour lunar sleep period
is started approximately 20 minutes after the acquisition of MSFN line of
sight. The lunar orbit sleep attitude is maintained inertially fixed through
the completion of the fifth revolution. CSM S-band HGA communications
are available from acquisition of MSFN line of sight to loss of MSFN line
of sight.

5.1.7 First lunar orbit sleep period (Figures 11, 12, 13, and 14). -
The inertial lunar orbit sleep geometry is shown in Figure 15. An inertial
attitude hold is used to minimize RCS fuel usage and to provide continuous
CSM S-band HGA communications when line of sight to earth exists. The
attitude must be compatible with CSM S-band HGA communications. Also,
RCS quad cold problems must be avoided. The thermal constraints may
be avoided by placing the CSM X-axis normal to the sun plus or minus
some bias. The allowable bias is approximately 40 degrees. The CSM
must also be rolled so that direct sunlight "'splits' two RCS quads. This
insures that all the quads receive some heating. Two quads receive direct
sunlight, and the other two quads receive reflected heat from the lunar
surface. A flight crew constraint is that the CSM X-axis remain in-plane
during the sleep period. All these constraints are satisfied by the inertial
Iunar orbit sleep attitude. The 40-degree bias and the roll to split the
RCS quads is taken in such a way that communications are improved. The
inertial attitude is such that the CSM is pitched -140 degrees and rolled
135 degrees from the local horizontal orientation at the subsolar point.
The longitude of the subsolar point used in calculating the attitude is the
longitude at the nominal time of starting the crew sleep period. The atti-
tude is kept in a G&N attitude hold with a £+10-degree dead band throughout
the lunar orbit sleep period. Two adjacent RCS quads are used for attitude
control. Additional information on the lunar orbit sleep attitude may be
cbtained from Reference 10. The lunar orbit sleep period lasts approxi-
mately 8 hours, being terminated late in the ninth revolution. The inertial
sleep attitude is maintained through the completion of the ninth revolution.
CSM S-band HGA communications will be available from acquisition of
MSF'N line of sight to loss of MSFN line of sight in each vehicle revolution.
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5.1.8 Tenth revolution (Figure 16). - At the beginning of the tenth
revolution, the spacecraft is in the inertial lunar orbit sleep attitude and
the crew is awake. This attitude is maintained inertially fixed until
approximately 4 minutes prior to loss of MSFN line of sight. The LM is
occupied approximately 8 minutes after acquisition of MSFN line of sight,
and the sleep attitude provides LLM steerable antenna communications for
the LM communications checks. The sleep attitude also satisfies the atti-
tude requirements for a CSM IMU realignment to the landing site
REFSMMAT, which occurs approximately 2 minutes after the CSM/LM
enters into darkness. Prior to loss of MSFN line of sight the spacecraft
is maneuvered to the initial inertial attitude for a mode I landmark track-
ing to be performed on landmark 130 in the eleventh revolution. This
attitude is held inertially fixed through the completion of the tenth revolu-
tion. CSM and LM S-band steerable communications will be available
from acquisition of MSFN line of sight until the maneuver to the landmark
tracking attitude.

5.1.9 Eleventh revolution (Figure 17). - At the beginning of the elev-
enth revolution the spacecraft is in the initial inertial attitude for a mode I
landmark tracking on landmark 130. This attitude is held inertially fixed
until 90 seconds before the CPA to landmark 130. After the completion of
the mode I landmark tracking sequence on landmark 130, the spacecraft is
maneuvered to an attitude that is rolled 180 degrees from the CSM/LM
undocking attitude. CSM and LM S-band steerable communications were
not available during the landmark tracking sequence, but this maneuver -
allows CSM and LM S-band steerable communications. This attitude is
held inertially fixed until approximately 3 minutes after loss of MSFN line
of sight. The spacecraft is then rolled 180 degrees (right) to the undocking
attitude and held inertially fixed while LM checkout continues.

Approximately 25 minutes before undocking, the vehicle is yawed
14 degrees (right) for a LM AGS calibration. After completion of the AGS
calibration, the spacecraft is yawed -14 degrees (left) to return to the
undocking attitude. The undocking attitude is then held inertially fixed
until CSM/LM undocking. This occurs early in the twelfth revolution.
CSM and LM S-band steerable antenna communications are available from
the completion of landmark tracking until loss of MSFN line of sight.

5.2 Undocking to LM Jettison

5.2.1 Undocking to DOI (Figure 18). - Undocking will occur at
98:10:00 g. e. t., which is approximately 25 minutes prior to the CSM-RCS
separation burn. The orientation of the vehicles is such that the LM is
ahead of the CSM. The CSM is in-plane, heads down and pitched
13.3 degrees above the local horizontal. This attitude is the CSM inertial
separation burn attitude except for a 180-degree roll angle that shades the
CSM windows during the LM inspection. Following undocking the LM will
null the relative range rate after a separation distance of 40 to 50 feet is
achieved. The CSM will then station keep at this distance while the LM
performs a 120-degree negative roll (pilot yaw right) maneuver and a
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90-degree positive pitch maneuver. This will place the LM heads down
and at an attitude where the crews will be eye to eye. The CMP will then
inspect and photograph the LM landing gear and descent engine bell while
the LM does a rotation maneuver (pilot yaw right) of 2 degrees per second
for 360 degrees. Immediately after completion of the inspection, the LM
will begin station keeping and the CSM will manually roll 180 degrees to
acquire the MSFN with the HGA. These attitudes are held inertially fixed
until after the CSM-RCS separation burn cutoff.

Separation is accomplished by the CSM X-axis RCS thrusters apply-
ing a AV of 2.5 feet per second radially downward. This maneuver is per-
formed at approximately 180 degrees central angle prior to DOIL. At
separation burn ignition the CSM is in-plane and pitched 90 degrees above
the local horizontal (positive X-axis is coincident with the radius vector).
An attitude maneuver should not be required at this time since the CSM
undocking attitude was the inertial separation burn attitude. The LM will
have performed small translation maneuvers during the LM station keeping
phase so that it will be above and slightly ahead of the CSM at separation.
This will allow the LM to visually monitor the CSM~RCS separation burn
while maintaining an attitude that is favorable for establishing the RR
tracking attitude which follows separation. Each spacecraft will be in an
attitude favorable for HGA communications during the separation burn.

Following the CSM separation burn, the CSM and LM will be maneu-
vered (pitched) automatically to the required attitudes for CSM SXT track-
ing - VHF ranging and LM RR tracking. The necessary tracking attitude
results in the center of the common coverage of the CSM SXT and RR
transponder to be pointing at the LM (35 degrees from the positive X-axis
toward the positive Z-axis measured in the X-Z plane). Likewise, the
center of coverage of the LM tracking light should be pointing at the CSM
(along the positive Z-axis). This attitude is also the preferred attitude for
LM RR coverage. For this tracking period, and for all subsequent CSM/
LM tracking, the CSM is oriented in a heads down attitude and the LM in
a heads up attitude. The initial attitudes of the vehicles allow for CSM
SXT /RR transponder and LM RR/tracking light line-of-sight maintenance.
The amount each vehicle is pitched in order to obtain the preferred track
axis (vehicle-to-vehicle look angles discussed above) is dependent upon the
relative positions of the vehicles at the time of separation. Assuming that
the LM is 50 feet above and 5 feet ahead of the CSM at separation, the
CSM will be pitched approximately 35 degrees and the LM will be pitched
approximately 0.5 degree following the CSM separation burn cutoff in
order to obtain the preferred track axis.

The CSM and LM will perform an IMU realignment beginning about
5 minutes after sunset. Both vehicles will be in inertial attitude hold dur-
ing the IMU realignments and will continue in this mode until 6 minutes
prior to LM DOI burn ignition. At this time the CSM will begin an auto-
matic maneuver to the preferred track axis discussed previously in order
to monitor the LM burn and to provide radar transponder coverage. The
LM will begin an automatic maneuver to the inertial DOI burn attitude
which is a retrograde, in-plane orientation. The LM DPS DOI burn igni-
tion occurs at 99:33:59 g.e. t.
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The attitude of the CSM from the time it performs a 180-degree roll
maneuver subsequent to the LM inspection to LOS is favorable for HGA
communications. The attitude of the LM from the time the LM begins sta-
tion keeping until LOS is favorable for HGA communications.

A relative motion plot of the two spacecraft from separation to DOI
is illustrated in Figure 19. It was assumed that the LM was approximately
50 feet above the CSM at separation. The attitude sequences from undock-
ing to DOI were developed by utilizing the crew procedures information
presented in References 11 and 12.

5. 2.2 DOI burn cutoff to phasing burn ignition (Figure 20). - The
CSM-LM relative motion for the lunar orbit phase from DOI to docking is
shown in Figure 21.

Following cutoff of the DPS DOI burn at 99:34:27 g.e. t., the LM
orients to the RR tracking attitude described in the preceding section.
This tracking interval lasts for approximately 15 minutes after which the
LM orients to the inertial powered descent initiation (PDI) attitude. The
PDI attitude is defined at pericynthion of the descent orbit by a LM retro-
grade, local horizontal, and face down orientation. The CSM continues to
track the LM for an onboard determination of the LM descent orbit state
vector. Following DOI cutoff, the CSM continues SXT tracking - VHF
ranging operations until termination of the LM phasing burn (assuming
both of these burns are nominal). Reference 11 contains the CSM contin~
gency procedures for the CSM-LM rendezvous. This CSM tracking period
is interrupted shortly before MSFN line-of-sight acquisition for the CSM
to perform a 180-degree roll maneuver. This maneuver places the CSM
plus Z-axis forward, in the direction of motion, providing S-band HGA
communications at MSFN acquisition. Following the roll maneuver, the
CSM is reoriented to the tracking attitude, and SXT tracking - VHF rang-
ing is resumed. The CSM tracking profile from MSFN acquisition to
nominal phasing burn cutoff permits MSFN coverage through the HGA.
CSM and LM tracking periods were obtained from Reference 13 with two
exceptions. First, the prephasing tracking for the CSM was obtained from
Reference 11 and the post-DOI LM tracking was agreed upon in an F mis-
sion data priority meeting on March 10, 1969. The second exception is
the inclusion of a LM-IMU realignment lasting 15 minutes during the post-
phasing tracking period. The termination of this tracking period for the
LM was also changed to 5 minutes prior to LM loss of MSFN line of sight.
This change was obtained informally from the Math-Physics Branch -
MSC. It is emphasized that CSM and LM preinsertion tracking periods are
subject to change and the times shown in this report for these periods

should not be regarded as final. ‘

The LLM acquires earth line of sight in the PDI attitude. A negative
roll (pilot yaw right) of 180 degrees and a negative pitch maneuver is exe-
cuted in preparation for the landing radar (LR) test. The direction of the
roll (pilot yaw) is required to verify the ability to maintain S-band high-
gain communications during this maneuver, and the pitch maneuver orients
the LM to the local vertical (LM plus X-axis up). A pitch rate of approxi-
mately -0. 055 degree per second is induced with the LM X-axis pitched
back 10 degrees from the local vertical. The LR test is initiated
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400 seconds prior to pericynthion of the descent orbit trajectory and ends
600 seconds later. The landing site is visible through the LM window for
approximately 1 minute during the test. The spacecraft attitude sequence
for the LR test is shown in Figure 22. Note from the figure that the LM

could be reoriented, following LR test completion, to increase the landing
site observation time.

Upon completion of the LR test, the LM prepares for the DPS phas~-
ing burn. The inertial burn attitude (plus X-axis 29 degrees above the
local horizontal in the direction of motion and face down at ignition) is
established 8 minutes prior to ignition which occurs at 100:46:21 g. e. t.
The LM attitude profile from MSFN acquisition to ignition provides HGA-~
MSFN line of sight.

5. 2.3 Phasing burn cutoff to insertion burn ignition (Figure 23). -
The DPS phasing burn cutoff is at 100:47:03 g. e. t. with the LM holding the
burn attitude inertially until executing a pitch and roll (pilot yaw) maneuver
for RR tracking of the CSM starting 5 minutes after burn termination. The
CSM, upon confirming the burn is nominal, continues the line-of-sight
maintenance tracking attitude rate and resumes tracking beginning 5 min-~
utes after the burn. The LM tracking attitude at the end of the 10-minute
tracking period is held inertially fixed for the LM IMU realignment men-
tioned previously. The CSM also tracks for 10 minutes and maintains the
final tracking attitude inertially fixed.

The CSM and LM initiate tracking again at 101:17:03 g.e. t. At
101:20:47 g. e. t. (5 minutes prior to loss of MSFN line of sight by the LM)
the LM terminates tracking. The LM orientation at the end of tracking is
maintained inertially until resumption of LM RR tracking at 101:59:18
g.e.t. The CSM terminates tracking at 101:27:03 g. e. t. holding the final
tracking attitude inertially fixed until the next tracking period beginning at
101:48:18 g. e.t. LM and CSM attitudes for the period from phasing burn
cutoff to loss of MSFN provide HGA communication for both vehicles.

After the CSM ceases tracking at 102:18:18 g. e. t., the vehicle
maneuvers to the inertial mirror image (MI) insertion burn attitude. The
MI burn attitude is a means of providing CSM backup capability for the
LM rendezvous burns from insertion to the final braking maneuvers (the
CSM nominally performs the docking maneuver). The MI burn attitude
consists of aligning the CSM propulsion system (SPS or RCS) in a thrusting
direction opposite the LM burn orientation. Ignition for the MI burn is
scheduled at 3 minutes after the nominal time of ignition for the LM burn.

The CSM MI insertion burn attitude, at the time of LM insertion
burn ignition, has the plus X-axis 26. 8 degrees above the local horizontal
in the direction of motion with the crew heads down. The MI burn attitude
is maintained until the LM burn is performed and verified. The CSM
acquires MSFN in the MI burn attitude with the S-band HGA oriented
nominally for MSFN coverage.
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The LM terminates tracking at 102:19:18 g. e. t. and prepares for .
jettison of the descent stage. The jettison maneuver sequence begins at

102:33:18 g. e.t. with the LM orienting to a retrograde, face down local

horizontal attitude. An RCS minus X-axis burn of 2 feet per second is then

executed. Shortly after this burn, the LM RCS plus X-axis thrusters are

fired to provide a 2-foot per second retrograde AV increment. During

this burn, the descent stage is jettisoned. The object of these maneuvers

is to place the descent stage in a higher orbit and return the LM ascent

stage to essentially the original (phasing) crbit. This results in the descent ‘
stage being behind and above the LM ascent stage at insertion burn ignition,

thereby, minimizing the probability of recontact between the ascent stage

and descent stage during the burn.

Following descent stage jettison, the LM prepares for the ascent
propulsion subsystem (APS) insertion burn. The LM insertion burn atti-
tude at ignition (102:43:18 g. e. t. ) is with the LM plus X-axis 24. 4 degrees
above the local horizontal opposite the direction of motion and the plus
Z-axis towards the moon. The LM attitude from MSFN acquisition to burn
ignition provides high-gain coverage with the MSFN,

5.2.4 Insertion burn cutoff to CDH burn ignition (Figure 24). - Burn
termination for the APS insertion burn occurs at 102:43:33 g.e.t. The LM
holds the burnout attitude inertially until time to orient for a RR tracking
period beginning 18 minutes after burn cutoff. The reorientation maneuver
to the initial tracking attitude involves a 180-degree roll (pilot yaw) and
pitch of 120 degrees to point the plus Z-axis approximately along the local
horizontal in the direction of motion.

The CSM, upon confirmation of a nominal APS insertion burn, ori-
ents from the MI insertion burn attitude to a retrograde, heads down iner-
tial attitude. The purpose of this orientation is to establish a suitable
attitude for performing an IMU realignment and provide S-band HGA-MSFN
line of sight. This attitude also prepares the CSM for the SXT tracking -
VHF ranging period starting 23 minutes after insertion burn termination.

The CSM and LM track until approximately 16 minutes and 11 min-
utes, respectively, prior to the CSI burn. At these times the vehicles
maneuver to their inertial CSI burn attitudes (LM posigrade local hori-
zontal and face down, CSM retrograde local horizontal and heads up at
RCS burn ignition). Both CSM and LM high-gain communications are sat-
isfactory throughout the time from insertion burn cutoff to loss of MSFN.

The LM performs the CSI burn with the plus X-axis RCS thrusters
beginning at 103:33:46 g.e.t. The burn attitude is maintained inertially
and the LM prepares for another period of RR tracking starting 6 minutes ‘
after the CSI burn. This maneuver consists of pitching the Z-axis up to
the local horizontal in the direction of motion.

The CSM, after verifying the LM CSI burn was nominal, also orients
to the SXT tracking - VHF ranging attitude. The maneuver is essentially
a roll of 180 degrees to establish the initial heads-down tracking attitude.
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The roll maneuver is required because the MI CSI burn attitude is heads
up to allow MSF'N coverage until loss of signal. The CSM tracking period
also starts 6 minutes after the burn.

After this period of tracking (20 minutes for the CSM and 17 minutes
for the LM), another tracking interval is started 9 minutes later for the
LM and 5 minutes later for the CSM. The LM plane change maneuver
occurs in this break but is not simulated in this document. After resuming
tracking, both vehicles maintain the respective tracking attitude for the
duration of the period which ends at 104:20:18 g. e. t. In this second _
period, MSFN line of sight is acquired. The LM tracking attitude provides
S-band high-gain lock but the CSM attitude violates high-gain antenna
pointing constraints. High-gain communications requirements are satis-
fied, however, when the CSM orients to the inertial MI CDH burn attitude
(retrograde local horizontal and heads down at LM RCS ignition). The LM
inertial CDH burn attitude (plus Z-axis forward along the local horizontal
and heads up at ignition) also provides MSFN coverage with the LM steer-
able antenna. The LM orients to the CDH burn attitude following the RR
tracking ending at 104:20:18 g.e.t. CDH burn ignition is at 104:31:42
g.e.t. The four RCS minus X-axis thrusters perform the burn with the
thrust direction radially downward,

5. 2.5 CDH burn cutoff to docking (Figure 25). - After cutoff of the
CDH burn at 104:31:45 g. e. t., the LM and CSM begin another period of
tracking 4 and 5 minutes later, respectively. The CSM and LM tracking
attitudes provide high-gain coverage during this period. Both vehicles
hold the tracking attitude inertially at the end of the period (17 minutes and
19 minutes in length for the CSM and LM, respectively) until executing
their TPI burn attitude orientation. The LM performs TPI with the plus
X-axis jets in a heads up posigrade attitude. The CSM MI burn attitude is
heads down and retrograde at the nominal time of ignition (105:08:57
g.e.t.). Following TPI cutoff at 105:09:13 g.e. t., two short periods of
tracking by the CSM and LM occur prior to the LM RCS braking burn at
105:50:14 g. e.t. (The CSM-LM separation at burn ignition is 3000 feet.
The first braking burn at a separation distance of 5000 feet was not
required in the rendezvous maneuver simulation. All braking burns are
performed by the RCS minus Z-axis thrusters.) The first of the two
tracking periods is within sight of MSFN stations. The CSM and LM HGA
positions are acceptable for MSFN acquisition until loss of signal.

The CSM maintains the required line-of-sight tracking attitude dur-
ing the subsequent LM braking maneuvers. The LM also continues with
the nominal RR tracking attitude (plus Z-axis pointed at the CSM) between
the braking burns. This tracking profile is compatible with the line-of-
sight thrust direction (along the LM minus Z-axis).

The final LM braking burn (at 100 feet CSM-LM separation distance)
is performed at 105:56:36 g.e.t. The CSM~-LM range at burn termination
is approximately 85 feet with an approximate closing rate of 0. 2 foot per
second. When the LLM closes to within 50 feet of the CSM (the LLM is ahead
and slightly below the CSM at this point), both vehicles begin final docking
preparations. The LM pitches negatively through 90 degrees to point the
LM plus X-axis at the CSM. The vehicle-to-vehicle line of sight is then
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approximately normal to the sun line of sight. As noted earlier, the CSM
executes the closing translational maneuvers required for docking.
Completion of the CSM/LM docking maneuver was assumed at 106:20:00
g.e.t.

5.2.6 Docking to LM jettison (Figure 26). - After post-docking
checks, the spacecraft is maneuvered to the LM jettison attitude. The
attitude is such that the LM is in the correct inertial burn attitude for the
APS burn to depletion, which occurs approximately one revolution after
docking. The attitude must also provide LM HGA communications for
MSFN tracking of the burn. This attitude is held inertially fixed until time
for LM jettison at 108:29:24 g. e. t.

5.3 LM Jettison to TEI Burn Ignition

5.3.1 LM jettison to end of seventeenth revolution (Figure 27). -
Since the LM APS burn to depletion is an unmanned burn, the LM must be
jettisoned in the correct inertial attitude for the APS burn. The LM jetti-
son attitude is such that the LM is in the local horizontal orientation at the
LM APS burn ignition (108:38:57 g.e.t. ). The LM jettison occurs at
90 degrees east selenographic longitude with the CSM pitched 90 degrees
and rolled -60 degrees from the local horizontal orientation. Immediately
following jettison, the CSM is translated above the LM, using short RCS
thrusts. After translating above the LM, a CSM AV of 2 feet per second
is applied radially upward to effect final separation. This evasive maneu-
ver puts the CSM above and behind the LM at the APS burn ignition.
Following the evasive maneuver, the CSM is maneuvered to a LM obser-
vation attitude. This attitude is an inertially fixed attitude that allows the
LM APS burn to be seen through the CSM hatch and rendezvous windows.
This attitude also allows CSM S-band HGA communications.

The unmanned LM APS burn to fuel depletion is initiated with the LM
at 0 degree selenographic longitude. The burn is an in-plane, posigrade,
face-down burn with the LM aligned along the local horizontal orientation
at burn ignition. The burn is targeted to place the LM ascent stage in
solar orbit. The LM remains in continuous line of sight with MSFN with
LM S-band steerable antenna coverage available for monitoring of the LM
for several hours after the burn.

Following the LM burn and approximately 16 minutes before loss of -
MSFEN line of sight, the CSM maneuvers to the lunar orbit sleep attitude.
This attitude is held inertially fixed through the completion of the seven-
teenth revolution. Both CSM and LM S-band steerable antenna communica-
tions are available during the seventeenth CSM revolution whenever line of
sight to MSFN exists.

5.3.2 Second lunar orbit sleep period (Figures 28, 29, 30, and 31). -
The CSM attitude during the second lunar orbit sleep period will be the
same attitude as that for the first lunar orbit sleep period. This sleep
period, following the strenuous rendezvous day, will be approximately
9 hours long with sleep terminating early in the twenty-second revolution.
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The inertial attitude hold during the sleep period will provide CSM S-band
HGA communications from acquisition of MSFN line of sight to loss of
MSFN line of sight during each revolution.

5.3.3 Twenty-second revolution (Figure 32). - Early in the twenty-
second revolution, the second lunar orbit sleep period is terminated.
Approximately 5 minutes after acquisition of MSFN line of sight, the CSM
is maneuvered to the initial attitude for an oblique photography sequence
of LS2. A schematic of an oblique photography sequence is shown in
Figure 33. The camera used for the photography sequence will be placed
in a bracket that is mounted in the CSM right-hand rendezvous window.
The camera optical axis, using the bracket, will be pitched 12 degrees (up)
from the CSM X-axis (Reference 14). The oblique photography attitude
sequence will allow the LS line of sight to remain within a 15-degree half-
angle cone about the camera optical axis. The initial attitude for the pho-
tography sequence will allow the LS to be seen as the spacecraft crosses
the LS topocentric horizon. The CSM is pitched -8 degrees and rolled
180 degrees from the local horizontal orientation. This attitude is held
locally fixed until approximately 20 degrees elevation from LS2. A
0.5 degree per second pitch rate is then initiated to keep 1.S2 in the cam-
era field of view. The pitch rate is terminated at the LS zenith. The
spacecraft attitude is changing faster than the LS line of sight during the
period the spacecraft is at low elevation angles. The maximum backup
occurs at approximately 47 degrees elevation, after which the LS line of
sight changes faster than the spacecraft attitude. At the completion of the
sequence the spacecraft has been pitched approximately 78 degrees below
the local horizontal.

At the completion of the oblique photography sequence, the pitch rate
is terminated and the existing attitude is held inertially fixed. This atti-
tude satisfies the requirements for an IMU realignment to the landing site
REFSMMAT, which occurs approximately 7 minutes prior to loss of MSFN
line of sight. Prior to the CSM entering into sunlight, the spacecraft is
maneuvered to an attitude that allows vertical strip photography of the
spacecraft groundtrack. The spacecraft attitude is a pitch of -78 degrees
and a roll of 180 degrees from the local horizontal orientation. This
allows the camera optical axis to be pointed vertically down and allows the
spacecraft windows to be shaded from the sun. This attitude is held
locally fixed through the completion of the twenty-second revolution. CSM
S-band HGA communications will be available from acquisition of MSFN
line of sight to loss of MSFN line of sight.

5. 3.4 Twenty-third revolution (Figure 34). - At the beginning of the
twenty-third revolution, the CSM is in the locally fixed strip photography
attitude. This attitude is maintained locally fixed until the spacecraft
reaches the subsolar point. The CSM is then maneuvered to shade the
spacecraft windows from the sun. The CSM attitude, with respect to the
local horizontal orientation, is then a pitch of -102 degrees. This attitude
allows the camera optical axis again to be pointed vertically down. This
attitude is maintained locally fixed. As the spacecraft approaches LS1,
the CSM is yawed 20 degrees (right) to include LS1 in the photography.
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After passing LLS1, the CSM is yawed -20 degrees (left) to place the cam-
era axis back on the spacecraft groundtrack. The strip photography atti-
tude is maintained locally fixed until the lunar morning terminator is
reached. At the terminator, the spacecraft is maneuvered to an IMU
realignment attitude. This inertial attitude satisfies the attitude require-
ments for the IMU realignment to the landing site REFSMMAT, which
occurs approximately 2 minutes after the spacecraft enters darkness. The
IMU realignment attitude also sets up the undocked landmark sighting atti-
tude for the series of sightings starting early in the twenty-fourth revolu-
tion. The IMU realignment attitude is held inertially fixed until the CSM
becomes pitched 22 degrees below the local horizontal orientation. The
inertial attitude hold is then terminated, and a local attitude hold is ini-
tiated for the landmark sightings. This attitude is maintained locally fixed
through the completion of the twenty-third revolution. CSM S-band HGA
communications will be available from the maneuver to the IMU realign-
ment attitude until loss of MSFN line of sight.

5. 3.5 Undocked lunar landmark tracking. - During the undocked
landmark tracking periods, several lunar landmarks are to be tracked in
each vehicle revolution. Because of this, a relatively simple spacecraft
attitude mode which does not require attitude reorientations between sight-
ings should be used. In addition, LM blockage, which obscured part of the
CSM optics during docked sightings, is no longer a problem for the
undocked sightings. For these reasons, mode III type landmark tracking
will be used for the undocked landmark sightings (Reference9). The space-
craft attitude, with respect to the local horizontal orientation, during
undocked sightings is a pitch of -22 degrees. The geometry of the mode III
type landmark tracking is shown in Figure 35, The landmark enters the
SCT field of coverage 100 seconds before the CPA (32 degrees elevation)
and exits the SXT field of coverage 56 seconds past the CPA (49.7 degrees
elevation). Although the tracking and acquisition times are significantly
reduced over those of the mode I docked sightings, the landmark remains
in the SXT field of coverage for 146 seconds within the acceptable mark
region. This should be adequate time to obtain the required 5 marks. It
should be pointed out, if trouble occurs in obtaining the marks, additional
tracking time can be made available by adding a small pitch rate near the
end of the tracking period. The optical blind zone constraint may be sat-
isfied, as in the docked sightings, by rolling the spacecraft as the land-
mark is approached to assure a minimum trunnion angle of at least
10 degrees.

Two times, Tq and T), are used during undocked landmark sightings
to help in acquiring the correct landmark. T occurs when the space-
craft is 35 degrees elevation from the IP for the landmark, T2 occurs
when the spacecraft is 35 degrees elevation from the landmark, The times
listed in Table II(c) for the beginning of tracking of the landmarks are the
T> times.

5.3.6 Landmark tracking revolutions (Figures 36, 37, 38, and 39). -
Revolutions twenty-four, twenty-five, twenty-six, and twenty-seven are
very similar. A series of four landmarks are tracked on each of these
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four consecutive revolutions. The landmarks to be tracked on these rev-
olutions are CP{, CP2, F-1, and landmark 130. Of these, it is not man-
datory to track F-1, but it is included in the timeline to be tracked if
sufficient time is available without endangering the tracking of the other
three landmarks.

During each vehicle revolution, the mode III local horizontal attitude
is maintained throughout the tracking of the four landmarks. On revolu-
tions 24, 25, and 26, after the completion of landmark tracking on land-
mark 130, the CSM is maneuvered to an IMU realignment attitude. This
attitude satisfies the requirements for the IMU realignment to the landing
site REFSMMAT, which occurs immediately after darkness on each of
these revolutions. The IMU realignment attitude also sets up the land-
mark sighting attitude for the next revolution. The IMU realignment atti-
tude is maintained inertially fixed until the CSM becomes pitched
22 degrees below the local horizontal orientation. The inertial attitude
hold is then terminated, and a local attitude hold is initiated for the land-
mark tracking.

In revolution 27, the last of the consecutive landmark tracking rev-
olutions, the CSM is maneuvered to a lunar orbit rest attitude after the
completion of landmark tracking on landmark 130. This rest attitude is
held inertially fixed through the end of the twenty-seventh revolution.
CSM S-band communications are available on each of these revolutions

only from the end of landmark tracking on landmark 130 to the loss of
MSFE'N line of sight.

5.3.7 Twenty-eight revolution (Figure 40). - After the completion of
the landmark tracking in the twenty-seventh revolution, a 3-1/2 hour rest
period is provided for the crew. During this time, no duties are scheduled
and the spacecraft is left in an inertial attitude hold. The lunar orbit rest
attitude provides CSM S-band HGA communications whenever line of sight
to MSFN exists. In addition, the rest attitude allows observation of the
lunar surface near the lunar morning terminator, if desired. The lunar
orbit rest attitude is maintained inertially fixed throughout the twenty~
eighth revolution.

5.3.8 Twenty-ninth revolution (Figure 4t). - At the beginning of the
twenty-ninth revolution, the CSM is in the inertially fixed lunar orbit rest
attitude. Early in the twenty-ninth revolution, the rest period is termi-
nated, and the CSM is maneuvered to the initial attitude for an oblique
photography sequence of LLS3. The attitude sequence for the oblique photo-
graphy is the same as that discussed earlier for the oblique photography
sequence of LS2 in the twenty-second revolution. At the completion of the
oblique photography sequence of LLS3, the pitch rate is terminated and the
spacecraft is maneuvered to an IMU realignment attitude. This inertially
fixed attitude satisfies the requirement for an IMU realignment to the land-
ing site REFSMMAT, which occurs approximately 5 minutes after the CSM
enters darkness. This attitude is held inertially fixed until approximately
5 minutes after the loss of MSFEFN line of sight. " The CSM is then maneu-
vered to the lunar observation attitude for targets of opportunity photo-
graphy. The CSM attitude, with respect to the local horizontal orientation,
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is a pitch of -45 degrees and a roll of 180 degrees. This attitude is main-
tained locally fixed through the completion of the twenty-ninth revolution.
The lunar observation attitude allows photography of the spacecraft
groundtrack through the CSM hatch and rendezvous windows and oblique
photography through the CSM side windows. CSM S-band HGA communica-
tions will be available from the acquisition of MSFN line of sight until loss
of MSFN line of sight.

5.3.9 Thirtieth revolution (Figure 42). - At the beginning of the
thirtieth revolution, the CSM is in the locally fixed lunar observation atti-
tude. This attitude is maintained locally fixed until approximately 9 min-
utes after acquisition of MSEFN line of sight. The CSM is then maneuvered
to the undocked lunar landmark tracking attitude for landmark tracking on
B1 and landmark 150. The CSM attitude, with respect to the local hori-
zontal orientation, is a pitch of -22 degrees. This attitude is held locally
fixed throughout the two landmark tracking periods. Upon completion of
the landmark tracking on landmark 150, the CSM is rolled 180 degrees for
communication, and the resulting attitude is held inertially fixed through
the completion of the thirtieth revolution. CSM S-band HGA communica-
tions will be available from the maneuver after the landmark sighting on
landmark 130 to the loss of MSFN line of sight.

5.3.10 Thirty-first revolution (Figure 43). - At the beginning of the
thirty-first revolution, the CSM is in an inertially fixed communications
attitude. This attitude is maintained until approximately 10 minutes prior
to acquisition of MSFN line of sight. The CSM is then maneuvered to the
vertical strip photography attitude for descent strip photography. The
CSM attitude, with respect to the local horizontal orientation, is a pitch of
-102 degrees. This allows the camera optical axis to be pointed vertically
down, and the CSM windows to be shaded from the sun during the actual
photography. This attitude is held locally fixed during the photography.

At 85 degrees east selenographic longitude, the spacecraft is yawed

~20 degrees (left) to include a highland site (Censorinus) in the photo-
graphy. At 30 degrees selenographic longitude, the CSM is yawed

20 degrees (right) to place the camera axis back on the spacecraft ground-
track. The strip photography attitude is maintained locally fixed until
after the spacecraft crosses the lunar morning terminator. The CSM is
then maneuvered to an attitude that is rolled 180 degrees from the TEI
burn attitude. This attitude is held inertially fixed. This attitude satisfies
the attitude requirements for the IMU realignment to the landing site
REFSMMAT, which occurs approximately 14 minutes after the CSM enters
into darkness. After the completion of the IMU realignment, the CSM is
rolled 180 degrees into the TEI burn attitude. This attitude is held iner-
tially fixed through the completion of the thirty-first revolution. CSM
S-band HGA communications will be available from the completion of the
strip photography until the maneuver to the TEI burn attitude.

5.3.11 Start of thirty-second revolution (Figure 44). - Shortly after
the CSM enters the thirty-second revolution, the TEI burn occurs. The
TEI burn is an SPS burn which boosts the CSM from the approximately
60-nautical mile circular lunar orbit into the transearth trajectory. The
burn is performed with the CSM in a posigrade attitude, and the crew is
heads down to afford visual reference with the lunar surface. The TEI
burn ignition occurs at 137:20:22 g. e. t.
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6. TRANSEARTH

The transearth phase of the mission begins at TEI burn termination
and ends at earth atmospheric entry of the CM. Most of the major events
occurring in this phase (midcourse corrections, PTC, IMU realignments,
and cislunar navigation) are similar in nature to the translunar coast.
Those events unique to the transearth phase, which will be discussed in
this section, are the attitude sequences following TEI and prior to entry.
The spacecraft attitude data for the transearth coast phase are presented
in Table II(d).

6.1 Post-TEI Sequence of Events

Following TEI cutoff at 137:23:11 g. e.t. the CSM maneuvers to an
inertial attitude that provides the crew with visual observation of the lunar
surface. This orientation consists of the CSM plus X-axis pointing radi-
ally inward and the plus Z-axis forward in the trajectory plane. MSFN
communications through the HGA at acquisition of signal is also provided
with this attitude. Earth line of sight is acquired at 137:29:15 g.e.t. An
IMU realignment begins at approximately 138:00:00 g. e.t. during which
the IMU reference system is realigned to the PTC REFSMMA.T defined in

Section 4. The completion of the realignment marks the termination of
post-TEI activities,

6.2 Preentry Sequence of Events

The start of the preentry attitude sequence is assumed at 187:30:00
g. e. t. when the spacecraft IMU is aligned to the entry REFSMMAT. This
inertial reference system corresponds to the nominal CM entry attitude
of 156 degrees positive pitch from the local horizontal at the nominal time
of entry with the body X-Z axes in-plane. A midcourse correction is
scheduled at 188:50:00 g. e.t., if required. One hour later, at 189:50:00
g. e.t., the CSM orients to the entry attitude and performs a star check
to verify the attitude. An IMU realignment is performed at 190:15:00
g.e.t. Upon completion of the realignment, the spacecraft prepares for
the CM/SM separation maneuver which occurs at 191:35:00 g. e.t. The
CM/SM separation attitude is shown in Figure 45, The spacecraft is
yawed 45 degrees for separation to minimize CM-SM recontact probabil-
ity during entry. After completing the separation maneuver, the CM
reorients to the nominal entry attitude in preparation for entry which
occurs at 191:50:32 g. e.t. The CM entry attitude is presented in
Figure 46,
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Mission F Event Timeline

-(a2) Translunar

Mission Time
(hr:min:sec)

02:
02:

02:

03

04:
128
:28:
00:

04
04

05:

05:

11

11

12:

24

25:
26:
27:
28:
45:

45

38:
39:

53

:03
03:

05

08

30:
:33

:40:
00:
140:
00:
30:
00:
00:
00:
:30:

49
09

149

:49
:49

149
47

50
00

00

:00

00
00
00
00
00
00
00
00
00

Event

" TLI cutoff, inertial attitude hold

S-IVB maneuver to local horizontal attitude,
local attitude hold

S-IVB maneuver to CSM/S-IVB separation
attitude, inertial attitude hold

CSM/S-IVB separation

CSM null separation rate, pitch 180 deg
for docking

LM withdrawal
SPS evasive maneuver burn ignition
Evasive maneuver burn cutoff

Begin IMU realignment, change to PTC
REFSMMAT

Begin star-earth horizon navigation sightings

SPS midcourse burn ignition for G mission
groundtrack

Begin IMU realignment

Begin PTC

Terminate PTC, begin IMU realignment |
Begin star-earth horizon navigation sightings
Midcourse correction

Maneuver to S-band reflectivity attitude
Begin PTC

Terminate PTC, begin IMU realignment

Begin PTC at 3 revolutions per hour roll rate
without pitch-yaw axis control
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Table I.

Mission F Event Timeline
(a) Translunar (Continued)

Mission Time
(hr:min:sec)

49:
53:

53
54

70

72

72

74

75

30:
00:

:45:
:30:
70:

00:

:45;
72:

00:

:35:

47
74:

38:

145:

:38:

00
00
00
00
00

00
00

00

00
00
00

00

75:45:43

Event

Terminate PTC test, resume normal PTC
Terminate PTC, begin IMU realignment
Midcourse correction

Begin PTC

Terminate PTC, begin IMU realignment,
change to landing site REFSMMAT

Midcourse correction

Maneuver to lunar TV attitude, inertial
attitude hold

Terminate TV, continue inertial attitude
hold

Enter lunar umbra
Enter sunlight

Maneuver to LOI-1 burn attitude, inertial
attitude hold

Lose MSFN line of sight
LOI-1 burn ignition
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Table I. Mission F Event Timeline
(b) Lunar Orbit

Mission Time

(hr:min:sec) Event

75:51:45 ' LOI-1 cutoff, inertial attitude hold

76:00:00 Roll 180 deg for communications, inertial
attitude hold

76:12:05 Acquire MSFN line of sight

76:17:00 Maneuver to lunar observation attitude, local
attitude hold

76:55:00 . Terminate orbital rate, inertial attitude hold

76:55:06 Enter lunar umbra

77:00:00 Begin IMU realignment

77:20:00 Maneuver to sleep attitude for communica-
tions reacquisition test, inertial attitude hold

77:37:18 Lose MSFN line of sight

77:41:42 Enter sunlight

78:20:22 Acquire MSFN line of sight

78:30:00 Roll 45 deg to improve lunar observation
near morning terminator, inertial attitude
hold

79:03:35 Enter lunar umbra

79:05:00 Begin IMU realignment

79:20:00 Maneuver to LOI-2 burn attitude, inertial
attitude hold

79:45:20 Lose MSFN line of sight

79:50:10 Enter sunlight

80:10:46 LOI-2 ignition

80:11:00 LOI-2 cutoff, inertial attitude hold

80:20:00 Roll 180 deg for communications, inertial
attitude hold

80:29:54 Acquire MSFN line of sight

80:35:00 Maneuver to lunar observation attitude,
local attitude hold

81:00:00 Terminate local hold, inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

81:03:30 . Enter lunar umbra

81:10:00 Begin IMU realignment

81:41:52 Lose MSFN line of sight

81:45:00 LM occupied

81:49:52 Enter sunlight

81:50:00 Maneuver to landmark tracking attitude for

' F-1, inertial attitude hold

82:27:45 Time T1 for F-1

82:27:56 Acquire MSFN line of sight

82:32:45 Time T, for F-1, start -0. 3 deg/sec pitch
rate for landmark tracking on F-1

82:35:45 Terminate pitch rate, inertial attitude hold

82:38:45 Maneuver to landmark tracking attitude for
B1, inertial attitude hold

82:44:46 Time T1 for Bl

82:49:46 Time T2 for Bi, start -0.3 deg/sec pitch
rate for landmark tracking on Bi

82:52:46 Terminate pitch rate, inertial attitude hold

82:55:46 Maneuver to sleep attitude, inertial attitude
hold

83:00:00 Deactivate CSM RCS jets B-3, C-4 prior to
LM S-band steerable activation

83:02:00 Enter lunar umbra

83:05:00 Start LM communications tests

83:30:00 Terminate LM communications tests )

83:40:09 Lose MSFN line of sight

83:48:22 Enter sunlight

83:55:00 LM unoccupied
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' Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

‘ 84:26:14 " Acquire MSFN line of sight
84:45:00 Start crew sleep period
85:00:30 Enter lunar umbra

- 85:38:20 Lose MSF'N line of sight
85:46:52 Enter sunlight

. 86:24:36 Acquire MSFN line of sight
86:59:01 Enter lunar umbra
87:36:32 Lose MSFN line of sight
87:45:22 Enter sunlight
88:22:55 Acquire MSF'N line of sight
88:57:30 Enter lunar umbra
89:34:49 Lose MSFN line of sight

‘ 89:43:51 Enter sunlight
90:20:36 Acquire MSFN line of sight
90:56:01 Enter lunar umbra
91:32:31 Lose MSFN line of sight
91:42:22 Enter sunlight
92:18:51 Acquire MSFN line of sight
92:54:29 Enter lunar umbra
93:00:00 Crew wake-up
93:30:46 Lose MSFN line of sight
93:40:51 Enter sunlight
94:17:07 Acquire MSFN line of sight

. 94:25:00 LM occupied

. 94:53:00 Enter lunar umbra
94:55:00 Begin IMU realignment
95:25:00 Maneuver to landmark tracking attitude for

130, inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

95:29:05 | Lose MSFN line of sight

95:39:21 " Enter sunlight

96:15:28 Acquire MSFN line of sight

96:35:39 Time T, for 130

96:40:39 Time T for 130, start -0.3 deg/sec pitch
rate for landmark tracking on 130

96:43:39 - Terminate pitch rate, inertial attitude hold )

96:46:39 Maneuver to undocking attitude rolled
180 deg, inertial attitude hold

96:51:30 Enter lunar umbra

97:27:23 Lose MSFN line of sight

97:30:00 Roll 180 deg to undocking attitude, inertial
attitude hold

97:37:51 Enter sunlight

97:45:00 AGS calibration maneuvers

97:55:00 LM deploy landing gear

98:10:00 Undocking, inertial attitude hold

98:12:39 LM maneuver to inspection attitude, inertial

attitude hold except for 360-deg roll (pilot
yvaw) maneuver

98:13:24 CSM, LM acquire MSFN line of sight
98:15:39 LM begin station keeping, inertial attitude
hold
98:17:09 CSM roll 180 deg for S-band high-gain com-
munications, inertial attitude hold -
98:35:16 CSM separation burn ignition, inertial atti-
tude hold
98:35:30 CSM separation burn cutoff
98:39:00 CSM maneuver to SXT tracking - VHF rang-

ing attitude; LM maneuver to RR tracking
attitude, line-of-sight maintenance
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. Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
‘ 98:49:58 " CSM enter lunar umbra
98:50:00 LM enter lunar umbra
98:55:00 CSM, LM begin IMU realignment, inertial
. attitude hold
99:25:38 CSM lose MSFN line of sight
) 99:25:39 LM lose MSFN line of sight
99:29:00 " LM maneuver to DOI burn attitude, inertial
attitude hold :
99:33:59 LM DOI burn ignition, inertial attitude hold;

CSM maneuver to SXT tracking - VHF rang-
ing attitude, line-of-sight maintenance

99:34.27 DOI burn cutoff, LM maneuver to RR track-
ing attitude ’
‘ 99:36:18 CSM enter sunlight

99:36:23 LM enter sunlight

99:49:27 LM terminate tracking, maneuver to PDI
attitude, inertial attitude hold

100:04:27 CSM roll 180 deg, maneuver to SXT
tracking - VHF ranging attitude

100:11:43 CSM acquire MSFN line of sight

100:14:17 LM acquire MSFN line of sight

100:24:37 LLM maneuver to LR test attitude, begin
-0.055 deg/sec pitch rate (approximate)

100:31:17 Pericynthion of LM descent orbit

LM at 0-deg landing site elevation angle

100:41:31 LM enter lunar umbra

100:46:21 DPS phasing burn ignition, CSM monitor
‘ burn in SXT tracking - VHF ranging attitude

100:47:03 Phasing burn cutoff, inertial attitude hold

100:48:27 CSM enter lunar umbra
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Table I.

Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
{(hr:min:sec)

100:

10t:

101:

101:

101

101:

101

101

1014;

101

101:
102:

102:
102:
102:

102:
102:

102

102:
t02:
102:
103:
103:

52:

02:

17:

20:
:23:
25;
127

:28:
34:
:48:
59:
08:

09:
14:
19:

33

14 3:
43:
46:
:58
01:
06:

47

03

03

03

47
52
52
03

57
49
18
18
18

57
19
18

:18
36:

18

18
33
58

33
33

| CSM and LM maneuver to SXT tracking and

Event

RR tracking attitude, respectively

CSM and LM terminate tracking, CSM iner-
tial attitude hold, LM maneuver to IMU
realignment attitude, inertial attitude hold .

CSM and LM maneuver to SXT tracking and
RR tracking attitude, respectively

LLM terminate tracking, inertial attitude hold
CSM lose MSFN line of sight
LM lose MSFN line of sight

CSM terminate tracking, inertial attitude
hold

LM enter sunlight
CSM enter sunlight
CSM maneuver to SXT tracking attitude

LM maneuver to RR tracking attitude

CSM terminate tracking, maneuver to MI
insertion burn attitude, inertial attitude hold

CSM acquire MSFN line of sight
LM acquire MSFN line of sight

LM terminate tracking, maneuver to descent
stage jettison attitude, inertial attitude hold

Begin descent stage jettison

Complete descent stage jettison, maneuver to
insertion burn attitude, inertial attitude hold

APS insertion burn ignition
Insertion burn cutoff, inertial attitude hold

CSM enter lunar umbra

LM enter lunar umbra
LM maneuver to RR tracking attitude

CSM maneuver to SXT tracking - VHF
ranging attitude
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Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
(hr:min:sec)

103:18:

103:22:
103:24:
103:24:

103:33:
146
103:34:

103:33

- 103:36

104:08:

104:11

104:31
104:31

104:45:
104:45:
104:52:

33

03
01
33

17

18

152
103:40:

18

12

:03
104:20:

18

42
145
104:35:

45

29
44
34

Event
CSM terminate tracking, maneuver to MI
CSI burn attitude, inertial attitude hold
CSM lose MSFN line of sight
LM lose MSFN line of sight

LM terminate tracking, maneuver to CSI
burn attitude, inertial attitude hold

CSM enter sunlight

CSI burn ignition (RCS plus X-axis 4 jets)
CSI burn cutoff, inertial attitude hold

LM enter sunlight

CSM and LLM maneuver to SXT tracking -
VHF ranging/RR tracking attitude,
respectively

CSM acquire MSFN line of sight
LM acquire MSFN line of sight

CSM and LM terminate tracking, CSM man-
euver to MI CDH burn attitude, inertial
attitude hold; LM maneuver to CDH burn
attitude, inertial attitude hold

CDH burn ignition (RCS minus X-axis 4 jets)
CDH burn cutoff, inertial attitude hold

CSM and LLM maneuver to SXT tracking -
VHF ranging/RR tracking attitude,
respectively

CSM enter lunar umbra
LM enter lunar umbra

CSM and LM terminate tracking, CSM man-
euver to MI TPI burn attitude, inertial atti-
tude hold; LM maneuver to TPI burn attitude,
inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
105:08:57 . TPI burn ignition (RCS plus X-axis 4 jets)
105:09:13 TPI burn cutoff, CSM and LM maneuver to

SXT tracking - VHF ranging/RR tracking
attitude, respectively

105:19:32 LM lose MSFN line of sight )
105:20:07 CSM lose MSFN line of sight
105:31:49 - CSM enter sunlight -
105:32:13 LM enter sunlight
105:50:14 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 3000 ft
105:50:30 Braking burn cutoff, CSM and LM continue
tracking
105:51:27 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 1500 ft
105:51:39 Braking burn cutoff, CSM and LM continue
tracking
105:53:04 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 500 {t
105:53:10 Braking burn cutoff, CSM and LM continue
tracking
105:54:24 LM braking burn ignition (RCS minus Z-axis
2 jets), CSM-LM range = 100 {t
105:54:30 Braking burn cutoff, CSM-LM range = 85 ft,
CSM-LM range rate = -0. 22 ft/sec
105:57:10 CSM and LM maneuver to docking attitude,
CSM-LM range = 50 ft .
106:06:33 CSM and LM acquire MSFN line of sight
106:20:00 CSM /LM docking, inertial attitude hold
106:43:56 Enter lunar umbra
106:50:45 Maneuver to LM jettison attitude, inertial
attitude hold
107:18:17 Lose MSFN line of sight
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
107:30:17 | Enter sunlight
108:04:34 Acquire MSFN line of sight
108:09:24 Complete LM jettison, LM inertial hold in
APS burn attitude; CSM evasive maneuver
ignition
108:09:29 CSM evasive maneuver cutoff, CSM maneu-

ver to LM observation attitude, inertial
attitude hold

108:38:57 LM unmanned APS burn to depletion ignition

108:42:3¢C Enter lunar umbra

109:00:00 Maneuver to sleep attitude, inertial attitude
hold, start crew sleep period

109:16:43 Lose MSFN line of sight

109:28:50 Enter sunlight

110:02:53 Acquire MSFN line of sight

110:40:59 Enter lunar umbra

111:14:55 Lose MSFN line of sight

111:27:19 Enter sunlight

112:01:11 Acquire MSFN line of sight

112:39:30 Enter lunar umbra

113:13:10 Lose MSFN line of sight

113:25:50 Enter sunlight

113:59:30 Acquire MSFN line of sight

114:37:59 Enter lunar umbra

115:11:26 Lose MSFN line of sight

115:24:20 Enter sunlight

115:57:11 Acquire MSFN line of sight

116:36:29 Enter lunar umbra
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
117:09:02 Lose MSFN line of sight
117:22:50 Enter sunlight
117:55:25 Acquire MSFN line of sight
118:00:00 Crew wake-up, maneuver to initial attitude -
for oblique photography of LLS2, local atti-
tude hold
118:19:29 Start 0.5 deg/sec pitch rate for photography )
of 1.S2
118:22:04 Terminate pitch rate, inertial attitude hold
- 118:34:59 Enter lunar umbra
118:55:00 Begin IMU realignment
119:07:21 Lose MSFN line of sight
119:10:00 Maneuver to strip photography attitude, local
attitude hold
119:21:19 Enter sunlight
119:53:43 Acquire MSFN line of sight
119:55:00 Maneuver at subsolar point to turn windows

away from sun, continue strip photography,
local attitude hold

120:06:00 Yaw 20 deg to include LS1, local attitude
hold

120:17:00 Yaw -20 deg, adjust attitude, continue strip
photography, local attitude hold

120:27:00 Terminate strip photography, maneuver to
IMU realignment attitude, inertial attitude
hold

120:33:29 Enter lunar umbra

120:35:00 Begin IMU realignment

121:05:40 Lose MSFN line of sight

121:14:00 Maneuver to landmark sighting attitude, local

attitude hold
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Table I. Mission ¥ Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event

121:19:49 " Enter sunlight

121:26:06 Time '1"1 for CP1

121:28:51 Time T2 for CP1

121:41:09 Time T, for CP2

121:42:50 Time T2 for CP2

121:52:03 Acquire MSFN line of sight

121:53:49  Time T, for F-1

121:56:06 Time T, for F-1
122:15:14 Time T1 for 130

122:16:51 Time T, for 130

122:19:51 Maneuver to IMU realignment attitude, iner-

tial attitude hold :

122:31:59 Enter lunar umbra

122:35:00 Begin IMU realignment

123:03:56 Lose MSFN line of sight

123:13:22 Start local attitude hold for landmark

tracking

123:18:19 Enter sunlight

123:24:15 Time T1 for CP1

123:27:00 Time T2 for CP1

123:39:19 Time T1 for CP2

123:41:00 Time T, for CP2

123:49:57 Acquire MSFN line of sight

123:52:00 Time T1 for F-1

123:54:17 Time T, for F-1

124:13:24 Time TI for 130

124:15:02 Time T2 for 130

124:18:02 Maneuver to IMU realignment attitude,

inertial attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

(hr:min:sec) Event
124:30:28 .~ Enter lunar umbra
124:33:00 Begin IMU realignment
125:02:12 Lose MSFN line of sight
125:11:33 Start local attitude hold for landmark tracking .
125:16:49 Enter sunlight
125:22:25 Time T1 for CP1
.125:25:10 Time T, for CP1
125:37:29 Time T1 for CP2
| 125:39:10 Time T, for CP,
125:48:14 Acquire MSFN line of sight
125:50:10 Time T1 for F-1
125:52:27 Time T2 for F-1
126:11:34 Time T, for 130
126:13:12 Time T2 for 130
126:16:12 Maneuver to IMU realignment attitude,
inertial attitude hold
126:28:59 Enter lunar umbra
126:30:00 Begin IMU realignment
127:00:27 Lose MSFN line of sight
127:09:43 Start local attitude hold for landmark
tracking
127:15:19 Enter sunlight
127:20:35 Time T, for CP, )
127:23:21 Time T, for CP1
127:35:39 Time T, for CP,
127:37:20 Time T2 for CPZ
127:46:32 Acquire MSFN line of sight
127:48:20 Time T1 for F-1
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time

_(hr:min:sec) Event
127:50:37 - Time T, for F-1
128:09:44 Time T1 for 130
128:11:22 Time T2 for 130
128:14:20 Maneuver to rest attitude, inertial attitude
hold
128:27:28 Enter lunar umbra
128:58:27 ' Lose MSFEN line of sight
129:13:49 Enter sunlight
129:44:51 Acquire MSFN line of sight
130:25:58 Enter lunar umbra
130:56:44 Lose MSFN line of sight
131:12:18 Enter sunlight
131:42:54 Acquire MSFN line of sight
131:55:00 End crew rest period, maneuver to initial

attitude for oblique photography of LS3,
local attitude hold

132:14:53 Start 0. 5 deg/sec pitch rate for photography
of LS3
132:17:28 Terminate pitch rate, inertial attitude hold
132:20:28 Maneuver to IMU realignment attitude,
‘ inertial atttiude hold '
132:24:28 Enter lunar umbra
132:30:00 Begin IMU realignment
132:55:01 Lose MSFN line of sight
133:00:00 Maneuver to attitude for photo targets of
opportunity, local attitude hold :
133:10:49 Enter sunlight
133:41:11 Acquire MSFN line of sight
133:50:00 Maneuver to landmark sighting attitude, local

attitude hold
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Table I. Mission F Event Timeline
(b) Lunar Orbit (Continued)

Mission Time
(hr:min:sec)

134:00:
134:02:
134:12:
134:14:
134:17:

134:22:
134:53:
135:09:
135:30:

135:39:
135:45:

136:03:

136:20:

136:21:
136:35:
136:45:

136:51:
137:07:
137:20:

27
15
38
08
08

57
13
18
00

29
23

30

00

28
00
00

28
48
22

Fvent
Time T1 for Bt
Time T2 for B1
Time T1 for 150

Time T.2 for 150

Roll 180 deg for communications, inertial
attitude hold

Enter lunar umbra
Lose MSFN line of sight
Enter sunlight

Maneuver to strip photography attitude,
local attitude hold

Acquisition of MSFN line of sight

Yaw -20 deg to include highland site, local
attitude hoild

Yaw 20 deg, adjust attitude, continue strip
photography, local attitude hold

Maneuver to TEI attitude, rolled 180 deg,
inertial attitude hold

Enter lunar umbra
Begin IMU realignment

Roll 180 deg to TEI burn attitude, inertial
attitude hold

Lose MSFN line of sight
Enter sunlight
TEI burn ignition
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Mission F Event Timeline
(c) Transearth

Mission Time
(hr:min:sec)

137:23:11

137:
138

138:
150;
<00

151

~152:
152

165

165:
165:

169:
:00

171

171
174

175

187

188;
189:

190:
191
191.

29:
00:

30:

30

20:

45

45

45

:30
230

:30
176;
177:

50:
50:

15:
35:
50:

15
00

00

:00
<00

00

<00
:00:
20:

00
00

:00

:00
:00

:00
:00

:00
50:
15:
:30

00
00

:00

00
00

00
00
32

Event

" TEI cutoff, maneuver to lunar surface obser-

vation attitude (CSM plus X-axis down and
plus Z-axis forward), inertial attitude hold

Acquire MSFN

Begin IMU realignment, change to PTC
REFSMMAT

Begin PTC
Terminate PTC, begin IMU realignment

Begin star-lunar landmark navigation
sightings

Midcourse correction

Begin PTC

Terminate PTC, begin IMU realignment
Begin star-earth horizon naVigatioh sightings

Begin PTC at 3 revolutions per hour roll
rate without pitch~yaw axis control

Terminate PTC test, resume normal PTC

Terminate PTC, begin star-earth horizon
navigation sightings : -

Begin PTC

Terminate PTC, begin star-earth horizon
navigation sightings

Begin IMU realignment
Midcourse correction
Begin PTC

Terminate PTC, begin IMU realignment,
change to entry REFSMMAT

Midcourse correction

Maneuver to entry attitude, inertial attitude
hold

Begin IMU realignment
CM/SM separation

Entry interface

47



‘A1aa13dadsar ‘ueIpIISW YOlmUI3Ir) 3Y) WOIJ }SBD
pue 1ojenbs syl jo yriou aanisod peinsesw aie apnjiduo| pue apnyrie] (plosdi[[d 20USI9)91 I9YDSI 9y} 0} 123dsaI Yllm PIINSBIW ST 3PNV

6°8L1 €0~ 1T°%11 0081 0°0 0°0 0°9¢1 vree- 2766 uing JTL S3eljtyf
¥oL1- 9°0 6°6Z- 0°087 0°0 0°0 L ySs- 8 '2¢ t°eol ploy #pninije (edof uidag
P1OY 2pniljje [erjIaul
boLT- 9°0 AT 0081 00 0°0 2°'%g- 8 °2¢ v €01 urdaq ‘uorjaiasul 31q10 yireqg
(5op) (B=p) {3=p) (35p) (3ap) (8ap) (3=2p) {82p) (T u) usayg
¥O0 VONW VOl 1oy mex yantd x2pmtduoy apmneT 49PNV
saiduy 1equuln QNI SPMINyY uoyisod >rydeidosn

1®1U0ZTI0H [B207]

L2°€€:20
F¥:11:00

¥Z:11:00

Jas:urui:ay
SUIT] UOISSIW

11q1Q ysrey (®)
evlR( 9PNITPY Yeidadedg J UOISSIN

TI @19B L

48




sSury8rs uoryediaeu

paatnbax se jjexdadeds IdanaueW uozZ1IO0Y Yjaead- Ie3s urdag 00:00:62
juswuudrieal
paambaz se jjerdsdeds 1sanauey AWI utdaq ‘D1d @ieUiWId ] 00:0%:¥%2
0°081 0°06 2951 " 4 S vv- 9°¢g 0°0 0°0 006~ D 1d widsd 00:00:21
poimbaz se jyeadadeds 1danauey juswrurpess NI uided 00:0%:11
yoe1jpunoll3 uUorssIW
paaimbaz se jyeidaoeds IdsAnsue ry I0j uing 3asINOIPIW 54§ 00:€€: 1T
s8uryydrs uoryediaeu
paatnbai se jyeadaoeds 13AnduUBW uoziioy yjiea-aieis utdag 00:0€£:50
. LVANSAZYT D1d ©3
paampox se 1yeId9deds IdANBUBRH a8uey> ‘“juswudiess NNI utdag 00:00:60
1ULL 9°991 ¥ 6t - 17197 002y 0°s1 L0 9°t- L 801~ JJ0IND UINQ IIAMDUEBLL SAISEAY 06:82:%0
uot3rudt
PrLL 9 °991 ¥rob- 17191 00271 0°s1 L°09 9°1- L 801~ uIng II2ANIUBRW IATISBAI SdS Ly:82°%0
€709 6°511 0°¥9 S 06 LLe 898 9LG- 8 6¢ - £'62- lemeIpyimm WT 6v:80:%0
Sutyoop
103 1321 39p 09 1101 pue 3op 081
¥ 0% 6°611 0°¥%9 2°06 86¥71 - 509 9°L9- 8 '6¢ - € 627- yoiid ‘@1er uorjeredas [[nu WSD 6%:50°€0

9 691~ 0°%9 0°9L1 L68 8°62 9°021 [ 8°6¢ L 0%} uonjeredas QAI-S/WSO 6v:£0°€0

pioy °pniye
{e13I9uUl ‘OpmiTPe uotjeiedss

9°6971- 0°%9 ¥ 9Ll L°68 1°8% 9-1¢l €2~ 8 '6¢ L0G1 dAI-S/WSD 031 I9anaurW gAI-S 6¥:£5:20
) PIOY 9pn3iTiie [BDO] ‘[BIUOZIIOY
€°6L- ¥ °6 Z°9- L°0¢ 008} 006 0°6L1 G 7 0°L8 Ted0f 03} I2AndUBW GAI-S 60:6¢:20
(pajernuuis jou ploy apnjjje
£°5L- ¥ 6 7°9- A1} 0087 006 0°6L1 EI 0°88 ferjzaut) 3yoInd TT1 6v:8€120
{32p) (32p) Bap) {B=p) {8ap) (S=p) {3ap) Auwgt (5ap) JUaA S>9sIUTW:IYy
ud €33yl 4d e1ay.L ud 12y L vDo VOW VoI swt ],
ung o1 oo O3 yiiedq o3 sa[duy uoTs ST
sat8uy oo sar8uy jooT sa18uy 3oo] requitn NINI

seunisuer] (q)
ey Kao3ooler] pue apmIIPVv jyeaoadoeds “°II °21qel

49



€ EhT - €LY L°0- 0°L01 w8ts jo aulg oN 1p- 6°61- 6821~ worjtut uing | -1071 CEIGRIG,

[ % 4 e €LY S 1= 0°621 y31s jo aulf oN 1%~ 6°61- S '821 - 1431s Jo Ul NASW 2507 00:8¢:6L
ploy apnitpe [erjiaut

¢evy- ¥oLti ¢€0¢er- 8191 L°0- ¥ 98 1T°F- 661~ G ez~ ‘apniijje wang | -JO7T 01 ISANaUEW 00:a¥:¥L

0°L L 6% 0°0 0°29 | 3 44 0891 LelLl | 4 Z2°'821 ysiuns 1a3uy 00:8¢-¥L

jyd1s jo aull ON 0°0 2Lt 1°+2 6291 LreLl 12 2821 eIquun Ieunp Iajuif 00:LF 2L
ploy apnjtiie [erjraul

0L 8 ‘6t 0°0 ¢ 9% 1°+2 6197 LgLl 1°2 2821 3NUIIUCD ‘AL 93BUTWIS I 00:6¢:22

p1oy apnitije jerjraut ,
0°L 8 ‘6F 0°0 0 st 1°%2¢ 6°L91 LELl 172 ¢ 821 ‘apnitye A1 J1'uny 0] ISANSUBKHN 00:00:2¢L
pa1mmbaai se jyeidadeds 1aanauey UOTII3110D 3SINOIPIN 00:6%:0L

LVININSIT Y 2318
Surpuey o} a8ueyd ‘juswufiyess

paimbsr se jyerdadeds 1aanauey NWI utdaq ‘D1d 2ieUutwIa] 00:00:0L
¥ 06 006 v oL € °'¥6 2051~ § 'S8 0°06 0°0 0°06- D1d utdag 00:0¢:%S
paxmnbai se jyeidadeds 1dansuepy UO13291103 3SINODPIN 00:6%:¢S
wuawudrreas
psamnbax se jyexdsdeds IaAnsueHy NWI wdaq ‘D1d 21eUtWIa T 00:00:€S

50

D1d [ewlIou
S '68- 006 1°50%- €°v6 2°0¢ S 'S8 0°06- 0°0 0°06- awmsal ‘$353) JLd @leUlwia g 00:0€%6t

[013U0d sIX®
med-yond jnoyjim ajex jjor inoy

2°6L1- 006 0°'%91 € vé 066~ £°68 0°0 0°0 0°06- 1ad suoynioaas ¢ 1e DI1d utdag 00:0¢-6¥
juawudijeas
paamba1 se jjerdadeds Isanauepy NWI utSaqg ‘HILd @jeurwiaJ 00:00:5%
9 "8LI- 0 "06 6°091 [ 4 Z°96G- 8 ‘%8 0°0 0°0 0°06- D1d utdag 00:00:8¢
apnjrije
16T 0°9271 S '8¢ 0°s¥1 €LYi- LA SIL STidb- Z°9€- 1531 L11411097)21 pueq-S 01 IDANDUERN 00:00:L2
poamnbaa se jyeadadeds zaanauep uoTID3II0D ISINOIPIWN 00:0£:92
(E3P) {33P) (33p) (33p) (3=p) (dap) (3ap) (Fsp) — (dap) JUdAY >3s Uty
yd ®31d2Y L yd 3941 ud edyl VDO VONW vOoI QW
ung o1 UOO O} yjied o3 safsuy UOIS ST
sa[8uy jooT safduy qoo sar8uy oo requuo NI

(penunjuon) xeunjysuea], (q)
eje(q L1oj3oafexa] pue opm13Vy 3Jjeidadedg °II o9[qel

—




€0 0°€Tt 22" ¥9 00 0°0 7ote- 0°0 00 9°91- 1901 z° LS
£0 0°Eld WArs jo auyj oN 00 00 7 bE- 0°0 0°0 6°1E1- L3013 6°0- 8LS
£0- LI T4] syt jo aurj oN 0081 00 ¥ esI- 0081 0°0 6°901 6°LET- 60" 8°LS
w81s Jo auy oN e jo auty oN 0081 00 b s51- 0°081 0°0 L16 1e2t- | 30 o 8°LS
14sie jo aur] ON wFre 3o auny oN 0083 00 ¥se1- 0081 00 § 28 S ErE- 278" 8 LS
¥ jo aurg oN 0°¥LY €LY 0081 0o ¥ oSS 0081 00 |38 4 5 2L T°0- 8 LS
m31e jo surf oN 0°¥L1 L 0081 0°0 ¥ss1- 0081 00 ¥ ve- ¥'e 10 8 LS
£°0- 8571 0°¥LY 0LV 0087 0°0 ¥oesi- 0°08% 00 0S¥~ 0¥ 8°Ls
€6LY" 77861 8L} [ 33 4 0081 00 S 6L- 0°081 0°0 0°s¥- 2°06 kA 4 6°LS
92 L'2¥} 0°'¥L1 566 6°6LY- ¥z S 8ET- 6°6L1-  ¥'2- s'611- L°508 7 6°LS
9°C LZvs yBys jo suyy oN 6°6L1- ¥2- S BET- 66L1" ¥z S 6¥1- 6°SEY 8°0 6°LS
¥oLLy-  Lor yB1s jo auyl oN 10 vz- S 8e¥- 1°0 vz~ 6 9Ly~ £ €91 £°0 6°LS
¥oLLr- LZr 818 jo aury ON Vo ¥z- S BEI- 1o ¥z- 9 LLv- 0°%93 £°0 6°LS
¥oLLv- Ly 3yB1s jo suyy oN 1o ¥2- S '8E1- 170 ¥vz- ¥61t 6°2¢%~ 60" £ 98
wie jo suy oN 4818 jo suyl oN 1o ¥z e 1% Al 1°0 ¥z- S ‘v01 L8V~ 3 2°86
w¥1s jo aur oN 09~ ¥ 66 e ¥2- S'8eT- 10 ¥e- L°9¢ 8°6¥- 60~ LLSY
P18 jo surp oN bvLy 8z} 008} 0°0 [Vr4°) S 0°081 6’0 8- ¥ €0~ 6°L9Y
P1s jo aurf ON VR Lz 0081 0°0 [hr4-2 A 0081 00 b8y~ 0°'8- 1o~ 9°L91
€0~ ¥ 621 z°bLy 1721 0081 00 0251~ 0°081 00 ¥’L01- €18 't 6°€01
FAN 4 4 ¥ 621 8 o¥1- 17211 0°SEl 00 0257~ 0°s¢et (U] S 'SET- ¥ 601 21 6°6L
I8 4 4 %621 y31s jo aurf oN 0°sel oo 0°2751~ 0°stl 00 0908 8 1EE - 6°0- LS8
318 yo suy oN 3y jo sury ON 0°'SEl 0°0 0°251- 0°'SE} 00 2°¢té 076371~ | 3 B 8°96
198t jo auyl oN 6 0¥y~ ¥ 0°6¢1 (U] 0281~ 0°SEl 00 e 1 4 6°0L" 2 idnlal
s yo sur] ON 8Ly 6°LET 0°087 0'0 v8Ll- 0°081 00 €€E- €61~ ¥0- 6°L91
3yB1s jo sur] oN 8°¥LT 6°LEY 0081 () ¥8Lt- 0081 (v} LYy~ 6°9- 10" 9°L9y
€0~ 1 eos 8 1LY 6°LEY 0087 0o r8Li- 0°081 0°0 0°5%- 9°9- 170~ 9°L91
LACYA N 2°85% L0Ly 2°9¢ 0081 00 L79L= 0081 (] 0°6¥y- ¥sé 1 272
LLe €LY ¥reLt 9 °s8 9Ly 102~ 1821~ Y9y 1°02- [ 9 8 A 67601 21 v o8
LLe €LY 14815 jo sutf oN ¥9Ly }0zZ- 1821~ ¥9LT 1°02- Livi- 6°9%1 L0 L°09
€%~ £LYY 34818 jo sutf ON g€~ 102~ 1°821- 9" 1°02- ¥ELY- 9Ly z'0 2°8%
“T8sp) LE)] ®ep)  ®ep)  T8ep)  (9ep) ®sp) _ (89p) Fop) @op) [LE N e ) LE3) [LER) i o)
uoyuunl]  IFeYS Nd ®IYL nud ePYL VDO VOW voI ey mey yaund apnytfuo  apnyneT  apminy
JYIeuipue] 03 ung o3 yitey o3 sa{fuy [equits PNV UoIITe0g oTYdeIB0uI[ag
sa18uy sonudp sajBuy yoory sajBuy jooy NI 12jUOZ1I0H [ed0]

s jo aurf NSW 241nboy

PIOY 2PTIIIIE [BLIIAUTL ‘|- 10]

apnjipye Suryded) JIRWPUER] O} I3ANIUBH
Jydruns 1ajugy

patdnaso W'

4818 jo aul] NASW 380

waswuBireas nwr uiSag

'iQUIn JeUunj Iajuy

PIoY

FPNINIE [EI3IIUT ‘PIOY [EDO] wTTUKIIL

PloYy 2pm1ye (oo
13pN3IIIe UOHYEAIIEGO IWGN] O3 IIANIUTI

4818 jo suI] NASW amnboy

POy epnyne teriraur
-IﬂamedUmﬂn—:gOU 103 Hﬂv 081 1oy

PIOY JPOIINE [B1}I3UT ‘JJOINd 7-10T
wvoyrudt 2-101
wyhme 13303y

4i1e Jo aurp NISW 2807

PIoY apnynize
[E11I3UT ‘9PNIINE TING 2~]O’] 03 IP2ADIUEH

uauruBireas Ny utlag
®AQUIN IWAN] IJUF

P1OY apniiyje

1ewaaul ‘rojvutwiiay Jutulour Jesu
uoljea126qo Jeuny ascxdurt oy 8ap ¢y 10y
3yfre jo surl NISW 221nboy

W

s jo aur] NISW 29071

PIOY apmyle

{e1113ul ‘189} uonrsmbieas suones:
—unwuwod 10§ apnirjie das(s 0] JPANBUBN

yune 1330y

uowmuBieas nWr wileg
BAIQUIN JRUR] 13jug

Ploy apniyye
1er332Ul ‘3Rl [B3IQIO Ijeurwiag

PIOY apryrize [edo]
fapn3Ije UCIICAI2HQO 1BUN| O} I3ANIUECH

1318 Jo suy NASW 23mboy

PIOY 2pryrye renraur
‘suoryedfunuIwod X0y 8ap 0g1 1109
PIOY 2PMIINE [BlI3UL ‘JJOINd [=[0T

usAZ

96:L7:278

00:05°18
256918
00:5%: 78
4R35 281
00:01:18
0€:€0°18

00:00-19

00:5£:08
¥s5:62:08

00:07:08
00:1¢:08
9¥:01:08
01:05:6L
0zZ:6¥:6L

00:02:6L
00:60:6L
SEIE06L

00:0¢8°8L
22:07:8L
E4 23 2773
BI:LELL

00:02:LL
00:00:LL
90:65:9L

00:65:9L

00:L1:9L
§0°21:9¢L

00:00:9L
1A ST TA

UOTS ST

duiyoopun WT/WSD ©031 Jjoand 1-I07T :J 31ed
31910 xeunTg ()

eje( A1030ofei], pue opninyl1y 3yerdssedg °IT o1qel

51



L] ]
2 oFE &8l RCHI~ 002 0°%ed 7 0 748~ ¢oced 270 CI2 3 s T ol perdnany W H ¢
9 ¥ LA 8 Gt1- 00Tt 976t 0 Sra-h e PRI} [ RERE A Pe0Y [ ol JyBLE 0 aCT{ A4S a1inboy LOLLE
9% ¥ 82T 14335 jC ULl ON [Ls19) [ 0281 gg¢ed 00 ROV v €FIT [t LA 1y#rung 13 pereritt
wy8:s jo autl o 3yBts jo aul} oN 0°cel o0 [(Ird 2 B 0cel ] L8l RS I Fa Lle 1Es jC Sul] NASW 98T DEIOLICE
wds yo sutl X 8 CHI- L 76FD 08¢ [<h] 0°25¥- o ctl ] 9 i 1) b = dn-ayem mai3
pdrs Joawtt ol g ciit 9761y C SED N4 0 7S~ 0sed .0 SR Loz | s v1qun IBUNY 123677
9 ¥¥ 8871 g CFi- 0 6l 0683 0°¢ csi- [CTY N <01 1 LS wEts o sut] NASW dLnboy
Ele 44 6B 1y31s jo aul] oN 0 set 00 [A4°0 B Ursel S o0l SIS% 4 B [Vt LS syBrjuns 1a3uy
yE1s jo aut] ON Judrs jo url ON c'sel 00 [\Rera: 5 0 °s¢el 00 9 6L A s S SRS IyBte jo sull NASW 28971
wy81s so aurl ON 8 Otl- G 81T 05l 00 0°25%- 0°s¢l Fan t PR B e BIQIn JeUn| 133U
¥y b'82Y 8 OFi- €813 0%ty LY [P ard) 0 Gsely 30 T 1508 1 £7L8 WBes jo sull NASW asiabry
at¥ [T yEis 6 AUl ON 0°s¢1 oc ¢ 251~ 0°6¢l 30 2edY 854 04 [ (IR wduns 12y
816 Jo I CN wHis jo suny oN 0°5E} o e 0 251~ 0°6fl ] 618 yopie- 7o _es 1y81s Jo sull NASW 28071 EIECE
yZ1s jo sull ON g o¥i- gLVl 0°SET 0°¢ 0 751~ 0reed [V P <0 1 g Lt eiquin aTUN] JSUY 0E:L5°88
T 4 4 061 8 oF1- oL ({13 G0 0251~ 0°5¢1 90 FASI S I PR £13) O [ /yPs o Ul NASW axmmboy $%i77°98
L¥¥y 0°6c1 yBis jo aur] oN [ 29 o0 [(a ] g 0°z¢1 00 Loe0l [VA S 2 B £ 0- g LS 3ydruns 133u3 27 9% LB
wds jo suil ON 3y31s jo aull ON 0°cel (V] 028§~ 0-ggl 0°0 6 78 1% i LS 14818 jo suti NASW 2¢071 78:9¢€:L8
3ydis jo aull ©N [} 4 e 9913 0sel 00 0°281- 0°s¢d 00 LI 4 2t £°0 10 8Ly 'IqQUN Jeun| J3juy 10°65°98
AN 44 1601 8 ovl1- 1911 0-sel 00 0°¢st- [(As-39 ) (U] 9 6t~ 17501 1 6 LE 816 jo auty NASW a11nboy P+ 98
Lvy 17623 1yBts jo aulj oN 0°sel 0o 0°2S1- 0°set [VA) 87601 6 6LV [ 8 LS wBiuns zamy T5:9%:5%
ydis jo aulf ON 3y81s jo auly ON 0°sel 00 0251~ 0°s¢el “0 0°¢8 [1Re 2 8 Bt Fa 8°LS wBre jo Ul NISW 287 02:8( 58
yBre yo aury oy 6 ovi- 9 st 0S¢y 00 0251~ 0°s¢d 00 | S0 £°1 10 2°Ls eIquin leuny 13y 0£:06-¢8
L'v¥ 2671 g o¥i- £ st 0-get o¢ [Vr4 0 0°cel 50 V8L 9 8% (VR } B8 LS potaad daats mald Jeig 00 c¥:¢8
L vy 27621 8 °0¥1- 1°911 0-sel 00 0254 0°gel ¢ 178%%- Ls0} AN 6°LS fts jo suty NASW aanboy ¥1:92°¢¢
L¥y Z671 y81s jo aur] oN 0S¢l 00 g-est- 0stl 40 00t | 330 s 0~ /LS petdnadoun W1 060:6%:¢€%
Ly 27621 yB1s jo Iur] ON 0-sel 00 0°25%- 0°s¢el 0’0 L 601 (313 60~ LS ydruns 133u3 Z7°8¥¢8
JyBis jo autl oN wB1s jo 2ul] ON 0 sel 00 [UR4-] B Q-sel 0°0 v e 6 €TE" - Bl wAre yo ull NISW 2801 60:0+:¢8
yd1s jo autl oN 3 2 0 z°avt 0°s¢el 00 0251~ [9 970 1798 0°¢8- - LLS 931531 SUOTIEDTUNUILIOD T JjeTNUISL 00:0¢°¢8
318 Jo aull ON 6 O~ Lvil 0°6¢ed 00 0251 0sel 00 812 8°9- 10 8LS 8163} EUOTIEIUNUNLOI W] KIS 0660°¢H
819 yo aull ON 60¥1- 9 ¥l 0°s¢Y 00 0751~ 0°sel 00 G 62" t? 1°0 8 LS rIQUIN JTUN] 133U 0L:20es
) ploy apni
L¥y 77671 6 0F1- S ¥y 0°s¢l 00 ["BE41 0°5¢l 00 6 6F" £°12 s°0 8°LS [e1120ur *apnyTiie daags 01 J3ATIUEN 2 ST
. proy
2 6 g €Sl 9 6L1 £1%1 €5 5201 00 0°0 315 00 00 0Ly~ S °0¢ Lo 8 LS a2pMInE (PIIIIUL ‘3jex youd ajeutwiss L 9%:2¢:79
1§ uo Bulydoeiy yiew
6 ¥¢ 1°2F 0t L ¥91 VLT 9 8% [UNY) 0°C 698" 00 00 1°¢- 96t 8°0 gLs -puey 10} ayed yad >a5/83p ¢ '0- H®IS 9t 6478
1oy @pnirjie [eniaut ‘yg 10
[ L %9 1L s 8% /] 00 668~ [V} 00 S "SE- z°€L z°1 6°LS apnitnie Juniedl qiewpue] O3 J3ANIUBK SH:RE:78
pIoY
69t z Lt z1 1L9 49~ 8 0% 00 [ £ 88" 00 00 0L¥- €28 1 6°LS apnitge (enaaul ‘ajel youd djeunuaag SEIGE:ITE
|- 4 uo Buixdes; qreWw
£ 0?7 101 £°0 [N 0ezl- £9 00 [ 2 FE- [Og1) 00 1°2- S16 Fan} 6 LS -purp 2oy a3ea youd 23s/8ap £ 0= WIS
3p) 3P) @5p)  (®spy  (8ap)  (Bab) 3P) 2p 3 TE5p) ERD ILER) ¥3p)  Bep)  [w O) FEEYNCT
uojuuni ] 3Jeys wd eiay yd AZEL N ¥20 VOW vDl 1ed mex yaid spnytfuoy  apnjue APNUIY awr ]
W1ewWpue] o3 ung o3 qjdeq o3 sejdUy [EqUID PV UOT}I80g d1ydeldouniag UOLS STIN
sa18uy sando sa[fuy oo safuy yooq OWI |21UOZ1I0 |ed0]

Suryoopun WT/NSD 03 JjoinDd 1-I0T ‘1 31®d
(penunuo)) 31910 1eUnT ()
eje( Aiojoolfea] pue SpMITHV jjexoodeds °II 21qel

52




L6L1- 1S9 34y31s jo surf oN 0081 00 [ 41 0081 00 £l 17911 01 6 LS Burropun WT/WNSD 00:01:86
L6l 0°59 34315 yo aull ON 0081 00 £¥r 0087 0°0 €2¢" 8191 20 6°LS 1ead Hurpuey Aordap W 00:65:L6
L6LE- 0°69 y3is jo aury oN 0081 0°0 (41 0°087T 00 929~ L9~ S 0- 8 LS s1aAnauetl UORRI|I[ED SOV 00:6%:L6
LI6LY- 0 ¢9 31s jo surg oN 0081 (U] €791 0083 0°0 1°¥8- 09F1- 6°0- 8°LS y31uns zajuzy 1S:Leil6
P1OY apmytne (el
w3ts jo auil ON 3y81s jo0 sul| ON 0081 00 [ 4 0081 0°0 77808~ 0271~ 1~ 8°Ls -zaut ‘apnyyze Bunyaepun oy 8ap 081 1109 00:0¢:L6
i4B1s jo su oN 4B1s jo auri oN 00 00 €°Fr 0°0 60 1981~ 120 271 LoLs 315 jo aul] NASIN 2807 €2:L7L6
4B1s jo aury oN 0°el)- 0°s¥ 00 o0 [ 208 41 00 00 0°std Ly LY 8°LS TIqUIN Jeun] Iajuy 0£:15:96
PIoy a2pnyiyze [enraur ‘8ap 08l
€0 0°¢9 0°¢Lt- 0S¥ 00 00 €7 0o 00 17021 0°0f to 8°LS Pa1101 9pMINize BUIIOpUN 0} IaAnduely 68:9%:96
proy
69t 90LY 9 6LT 0°Lel vs- TUErt 00 00 9 e¥1- 00 00 0°Lb- Z2761 30 8°LS apmiriie [e13IauT ‘a3ed yd3id ajeutwray 6E:€¥9:96
0t uo M:—.V—QN.—« HIrew
(v 4 "2 } 1N 41 0691 8 G- 2765 0°0 () L 68" 0°0 00 | S £ '8¢ 80 8 LS -pue] 1oy azex yoyd sas/8ap ¢ '0- 31EIS 6£:0F:96
JAN 4] 0691 86~ 065 00 0°0 68~ 00 00 96L" 0°50% [ 6°LS 4Brs jo aur] NJSW 24Inboy 82:51:96
1°0%% 0°691 431s jo 3ut] oN 00 0°0 L68" 0°0 00 ART 0°Sb1- [ 8°LS wyBruns 1ajuy 12:6£°56
1y31s jo aull oN 3y81s yo aul] oN 00 00 L7768 00 0°0 S 0¥l LEr- 21" LoLS M31s Jo aull NISW 380 S0:67:6¢6
pIoy apnjiyje [viyIaul ‘ggy Iof
y1s jo aurf oN 86" 0°6S 00 00 L68- 00 00 17821 Z271or- ' LS Aprytie JuIIe1} HIVWPUER] 03 IIANIURH 006735 ¢
yd1s jo aut] oN 8 0¥%1- 9021 0°stl 0°0 0251~ 0°s¢T 00 ¥se- 86" 1o 6°LS wawudipeas gy urdag 00:65:¥6
34815 jo aul] ON 8 '0%1- 9021 0-aet 00 0°2Si- 0cel [} yore- 8°¢- 170 8°LS 2IqUIN Jeuny 13juy 00:€5:F6
) T 5T T TSR CET) CETI R EET) W5y 50 (Bom) (896) TPy . (@op) (1w ) ey EELHIIT
uoruunsy  3yeyS 1yd eIy L yd ®IYL L 49)0) VOW ¥OI 1oy mux Y231 d apnp8uoy  apnyye  a2pniny swrp
yiewpueT o} ung o0} yiaeyg o3 Bajouy [EQUITT) SpNIIIY Gotjisog o1ydeIdousaissg uotsstn
sajfuy sonidp s3]8uy Yoo $a1BUY Y0OT] NI [BPIUOZIICH (820

unyoopu WT/WSD o031 j30inD 1-I0T ‘1 11ed
(penunuon) 31q10 1eUNT (D)
eyeq Aaojoafea] pue apmily 3yerosdedg °II ajqel

53




[ ’
0. 0z s o £ e R Y Lo 0 v Tk 0o i s b D B o eaddey vz ord sos Ban 255 0 N
0 0%} 0 st 0 Lkay RNt 0L 0 gl V0 R R [ R P T [ Ny COPTALII s D DA TR AT LeikTEnol
0081 391 9 $ 52 99 st€gl 0081 G'C G501 0°0%1T 20 U ) ol [0 W'l W3S g NASW sainboe LV
0 0R1 oss 9 96s1 kel €9 0081 00 I 90 NR TR PR 1l B WSO WBLs jo o NASW Admboe Ng D £RIITI001
0081 081 a a-z wdts Jo surl oN  0C0RE 00 0501 Jemtl 7 80 s ot Wi opuiIie JuidUEL JHA - BUbIE s
0 081 0°%¢ H <1l wds je sl oN G 0R1 00 0T nooRE o DI R + A e D IXS OV Doatournn Fop owl 10 WSD LTHP0I00T
8 6L1 91 B R s je auttoN 07081 00 0501 0¥l 00 [ Pn- et Wl POy ApHITRE [UHIouL opnine 1d X .
0081 0S¢ € £y PBLs Ju AUy o 0 G 0°0 tRe- 00 [(R0] £ Lh 1o 7wt NSO U} 3ARSURLU TRULA 2 RL) JRUTWIRY INT LTi6FHN
0c8l 00t o 'ChY BIs jo eul oN [V 00 ERra ) TR0 [TReV] [ I Cols NTT Jydruns 133U W §ZI9E1RE
0084 0 'eg 2 w3te jo AUl ON oo 0o ERrd 00 [T [ [ §on WS FETIUNS A23UI NS LRI STAN
0081 0 06 WYBis jo auif ON 13t o AU N 00 a0 crcal- G g 0o - ER G- FRY WL spnitize Butyoeig
008} 0 &€ yB1s jo aury oN 1E1s Jo auy oN 0°0 00 S 0F- 00 00 0oSkl- 0= 8Ly NSO Hd 1 daataut Nt JJoInd uing 104 17 bE Ak
s+ JUBUSIUTR L
wyAts -jo-atutp ‘oprauie Jutduer JHA
00 ERUTR M31s Jo aulp ON ¥3is jo 50 00 o kL 00 [ 170491 LR &4 [ R "R NI - Bulyora) [ XY @ JoanaUBW WNSD PIOY
0081 [ IY31s jo autp ON s jo 00 00 7hRE- [] 0 0°gtl- foEgE vl R WSO ApNItHY [PUILoUL fuotiudt uraq [OQ W'I I
0081 169l dts jo sury oN ydts o 00 00 Ut 00 0 6Ee 7L Pr- WL el POy opn3tye [ellIauI
0081 2 3431 Jo AU ON wysis jo 00 00 P9 G0 0 s Tl Lol boi- L INSD CHRIOER GanG [O( 93 A3ANIUBL |y 00167554
0081 2 &tl ydrs jo surf oN wire joosueNn ¢ g co £ag- ¢ 0 5 toerl FoErL- TR 5L
0 081 2 te JyBs jo sut] oN MBS JeSuON 6 0 G0 s 00 U] T FoETE- R [ BB J NI N ISIN 2SO INTT AT
0081 Iokl gdts jo aury oN L G- L8 00 00 F ooy 00 o0 [ Forii- °oi- Rl N
0081 1¥6 4dis jo aur| oN wdis jo autfoN 00 ] 48 00 00 9UThe Foril- T ¢re WSO WBLs g Ul NASIN 2501 WSD 2EIC Tk
0081 0°06 1Y31s Jo AU ON 86~ €28 00 00 touwe 00 [V SR 017~ co- g T BlUY Sprithe [ErILaUL
0081 0°ct s jo auri oN L RLE- k2@ [Vs] 00 9 8E 00 00 [ 0°17- Too- [ NSO QuaLBI R N UiBaq W UINSD 0078554
0081 006 ydis jJo autf oN 7 9~ 815§ 00 00 0°18- 00 0°¢ S ht Lg- 1o Carss AN
0 081 0°5¢ q31s jo aurt ON 6 kL= BEL 0°0 00 0¥ 00 a6 3 20 Log- io S Le NSO FIGWN 2RURE 3335 N SH T
0081 0°06 80 ¥ 091 2°9- 815 00 00 608" 00 00 ¥R Log- P HoLe W1
0081 0°5¢ yBts Jo UL ON 6 kLI~ G €L 0°0 0°0 |34 0°0 00 Eorol L 1o ¢ us WSO BIqdn JBUNT 13313 NSO M lEEIRE
soueYAUTRU
BLS-jo~autg ‘opnaije Furydes)
0081 006 L0 €551 8 2= ¢ 9% 00 00 6SL- 0°0 00 [ BSE g7 80 6L NI gy 01 Joanaurw W7 topnithie Autued
0081 0-s¢ 90 £ 0¢ 0cLl-  L8L 00 00 |33 4 00 0°0 1o9ed 812 80 8 LS WSO AHA - BUDPTL] [ XS ©3 19ANUR SIND 00:6€ 86
0 081 6 t6 9°0 1551 g 9- 2°9% 0°0 00 Lo 0°0 00 L0 [T 60 6°LS W1
66L1- 6 b €0 159 0€Ll- vy 0°0 [V (33 60 0] L706 F9¢ 60 € LS WsD Jens uing uoneiedas WED 0L SE:8E
0081 7Le 90 1SS 89~ FaE 4 (1] 00 L5 0°0 00 0°0 7 ke 0y FLs W1 Ploy 3pnisie
66L1- 2L €0 1759 VI 2 S A £ 4 06 00 £ FT 0°0 00 006 T At 01 6°LS WSD [edoul ‘uoIUBL uang woeredss SIND RETEE T
008t €201 9°0 1 sst 8 a- 0°9F 0°0 00 TR 0°0 0°0 0755~ €6 21 6°LS w1 pluy 2pnite [erasut ‘suoned
66LE- €T £ 0 189 €Ly bERE 00 00 £+l 0°0 00 05¢ [ 3 23 2 kLe WSO o yoH $0§ 35p 081 1102 NSD €0iLYI86
0081 6 66 90 1osst 9 9= 0% 00 00 Lo6L- 00 00 965~ 646 71 W1 P1OY 2pMITHE (rIILoul
1o 66 Lo6Ly- 1S9 0L [ 2] 0081 00 (34! 0081 00 s 0€ 686 F 6LS WSO onuues Furdaay uotieis utBag W (A2 57
006 966 +68- tosst 896~ 0 9% 006 0°0 LsL- 006 00 ¥99- L7501 [ hLS NT
00 9 ¢ Lol 1S9 0L ¥R o081 00 € Fl 008t 00 9°€2 Leot [ B8] 6728 WSD wdrs jo oul NASW 31mboe WT ‘WSD FZIE1:86
1aansuew (meA jo[td) [{ol 3ap Qag
0081 0 'te 90 ¥ 551 s Jjo sutyeN 070 00 LosL- 00 00 L°89- 0 °801 [ 6L W1 20} 3da5x> POy 2pRITIIE [FIIIAUL INULUOD
€0 19 4 L6l 159 y31s jo autl oN 0081 00 [ 3 41 0°081 0°0 €12 0 801 1 hLS WSD ‘apninge uol3dadsut 03 1sAnaur W] nEi71:86
00 00 L6 [ Bis Jo SUITON 002V 00 L'591- 0021 00 L7991~ P9ty 01 £LS WT
00 00 Lo6Ll- 1759 wydts joauttoN 0081 070 [ 383 0081 00 [ 17911 o0t hoLs WSD ploy spaiinie jendaut ‘Bunpopun 0010186
Tep) [LET) [LE) [LET] 3p) ET I LET ) B3p) 83p) [LET] Bop) TF3F) [LET) TEEY frara) ETEITEN [CETE SasIuTuay)
yd 38y WA B2yl 4d el VDO ¥ONW vol 1oy nex yd 2pnitucry  apnitier]  Ipnitiy Dt
3OIY3IA 13YI0 ung 03 yiaed o3 Sa[Buy [EqQUIID) PNy uorjtsod »iyderdouapag UOIS ST
03 sajSuy oo 8318uy yooy sajBuy oo NI 1BIUOZIIOH [B207]

uorjerdo o3 uing SV W' 01 Sunoopun WI/WNSD ¢z 31ed
31910 1eunT ()
vle(g A1ojoel(ea] pue a2pninly yeaosadedg °II aiqe],

54




0°0 6751 276LY- ¥oLY 8 ¥ L'68 07081 0'0 2729 0'081 0°0 97651 161 L0 0°8 W1
0°0871 S I ¥ 0- 8191 0541 0°ss  0°08F 0°0 z°28- 0°08F 0°0 892 5°¢ L] 9°Ls WSO uor U1 UIng UOIIEUL SJV 81:€¥:201
pPloy spmame [en
0087 ¥ 891 ¥o- [ ] 4 88 0°L¥i 0°08% 0°'0 97617 0°081 00 0°0LY- (x4 4 [ Loy W1 -12Ul ‘3PNIIPE UINQ UOIILIIFUT 0] 131N
0’0 ¥ 191 16L1- 8191 1%L 8% 0°081 0°0 2,28~ 0'081 0°0 2°9 %2 8°0 LULs WSD -uew ‘uosiyaf adeys Juadsap ayaydwon 81:9€:201
0°081 Z2°9L1 %0 L0¥% 6°8- 6°L¥YYT 0°08F 070 1oLz 0081 g°0 0081 6°25 i1 1°92 W1
0°0 ¥ 91 1err- 8191 1ovLr 8% 0081 0°0 2728~ o081 0°0 s€- 6°€g 6°0 8°Ls WSO uos333( aBeys waosop urfag 81:€€:201
PloY apn3ie
0°0871 006 8°0 S 6% §'2Ll- 0’88 0°0 00 1709 0o 0°0 1°9L 8°96 1 228 W1 [en1auy “apmitye uosniaf afejs Juassap
0o 9 L2 P'6L1- 8191 TRl S¥S 0081 00 2°28- 0'081  0°0 V9%~ 9°9L 21 Z°8$ WSD 03 12Anaurw ‘Juppdoel) jeuruurdl W 81:61:201
6087 0 06 81 S8 Z2°SL1- 686 00 00 01 oo 00 9°2L 2 o' €°501 W1 14818 jo sur] NISW 21mboe W1 61:%1:201
00 5°L0Y P6L1- 87191 1%Ll 0°ss 07081 0°0 2728~ 0°08F 0°0 sTL- - (1)) [ €°85 WSO YBis jo sul NISW d2mboe WeD 15:60:201
proy opmynge
0°087 0°06 L7SLY 9 € B8 JosuttoN 00 00 7°¢8 00 00 €°89 8°L21 8°0 8 1€l W1 [B1I2UL ‘apNIRT UING BOPIITUL [N
0°0 9 %0t P6LT- 8191 y3s josuyoN 0081 070 z°28- 07081 0°0 S°6L- 0011 0°1 ¥°8s WSO ©3 12anaurws "BupyIei] RWTmiI] WD 81:80:2071
0°081 0°06 2°6LY 681 wdis josutfoN g'0 0°0 ¥ 86 0°0 00 2°09 2°15% €0 05971 W1 .
0°081 0°s€ S 6Ll [ 34 Y818 jo sutfoN  0°0 00 9°9¢1- 00 0o 0191~ 0°LEt 9°0 €85 WSO epnitye Sunows; gy 03 reansuwiu py1 91:65:101
0087 6021 8°s- €°LLY 318 joautfoN  0°08F 0°0 1°€031-  0°087 0°0 €°891- €°8L1 2°0- 6881 W1
0 081 0°s¢ vo6Ly 2°€st yBis josulfoN  0°0 0°0 Z°LZi- 00 00 6°¥L1 6°0L1 1°0- 2°8$ WsD opnyte fup(des) I XS 03 I3ANIUTW WSO 81:8¥:101
0081 9 L¥ €°0- €25 yf1s JoourroN  0'08F 0°0 SIET 0081 00 bree 6°L¥Y- 8°0- 8°Ls WSD WBruns 193us WD 8¥:¥€:101
0081 ¥16 8°s- €Ll y81s Jo SUITON  0°08F 0°0 1°¢01-  0°081 00 [ 441 8°¥¢1- 01~ 2°9Ly W1 wsnuns 13jus W 157821101
0081 1768 w21e jo sury oN Y815 Jo aulfoN  0°081 0°0 1°¢01-  0°'08Y 0°0 2°0%1 1U0€1- [ S 271 W1 P1oY apninge
0°081 0°s¢ WF1e yo aury ON yBs JoouITON 008  0°0 SIeEy 0°08F 0°0 176 £°p21- U 9°Ls NWsD 1enaur ‘Sunider; sjeurwirsy WeD €0:22:101
00871 0°06 A9 jo aurp oN WB1s JOSUITON 0°08F 0°0 1°€01- Q'081 0°0 0°LEY ¥ULzr- 2°)- 8°L91 W1 4¥1e Jo 2uT] NISW °801 IW'T 25:62:107
0081 [ 1 318 jo aurf oN yBis JodulyoN  0°08F 00 6°1¢€1 0081 0°0 |4 LpI- z2°)- S°LS WSO 34818 jo aulf NJISW 2801 WSD 2S:€2:101
0087 0°06 s yo suyy oN 0 °SL} ¥SL 0°08F 070 1°€01- 0081 0°0 [ T4 2°v1r- - 0151 W ploy apmjnre
0081 0°s¢ fis jo auy oN 9 €] 2°651 07081 0°0 6°1€1 0081 00 96" 27508~ 271~ vLs WS Tewraut ‘Bunfdery syeuruza) W L¥:02°10F
0081 006 3y31e jo aury oN 0 °5LT Va 0°08F 070 6 66- 0°08F 0°0 8Ll € %01~ 2= S 9¢1 W1 Areanadsar ‘apmine Bunyoery gy pue
0081 0°s¢ q8is joauyoN  0°97 €291 0°08F 00 1°5€1 0°08f 00 LoLy- 8€6= A ¥Ls WSD Bupoell IXS 03 1aAnurw W PUT WNSD €0:LT7108
Pioy @pniize [eu31aut ‘apnime juaumnuiiress
0087 006 yB1s jo Ul ON 6 €LT 8°L¥ 0081 00 9°6L~ 0081 0°0 L66 8°19- 6°0- Z°69 WT AW 03 13an3uew W] ‘ploy apnitije
0081 0°SE 4315 jo U ON 6 °9¥] ViLY 0088 00 ¥6st 0081 0°0 0°6€~ {31 44 L0 €°LS WSD  lenIaul ‘Bupdel) sjpurwiis) W pue WSO €0:20:30%
0081 0°06 318 Jo dul ON € 697 02 0°08F 0°0 8 ¥5- oc8t 00 0°68 Z°0e- €°0- 962 W1 Ajeandadsar 'epmynge Bupioeiy Yy pue
0-081 o°s¢ yBie yo aur] ON 669} 1°¥51 0°08F 00 8°6L1- 0081 0°0 9 8p- 9L~ §o- ¥°Ls WSD Bupyoea) XS 03 I2Anaurws WY Pu® WD £0:25:001
008} 0°s¢ 316 yo sury on v 1°0¥F 0081 0’0 8897~ 07081 0o 0729~ L9- To ¥Ls WSD BIiquUIn Ieun] 133us WSO £2:89:001
0°0 €°2¥%1 wyd1s jo aur oN 7 G- 6°L9 00 00 196" 00 60 1oIg 9= 00 291 WT ploy
0081 0°5¢ £ 0~ LI va2Ly 1°0%1 0081 00 8891~ 0081 00 826~ ve- 20 S LS WsD 2pTIIRE [e13:3Ul ‘JjoInd uing Burseyq £0:L¥:001
apnize
0o [ 822 yB1s Jjosuryp oN 7 '5- 89 00 0o ¥ 00 00 882 771" 00 5t W1 BuyBues JHA - Bubyoe1) XS Ul uing
0°081 0S¢ €°0- GENt L ¥°8¢1 0081 00 0°L9t- 0088 0°0 2°e5- z°0- €0 S LS WSD dopuow WSO ‘vonrudy uing Burseyd s4q 12:9%:001
00 6951 W31s jo sur ON  7'G- L9 "N 00 196~ 00 00 ¥Uiey 2y o Loy W1 ®IQUIN 1PUN] 133U3 W TES 181001
00 9°L91 9°€ 9°6LT  7°§- L°L9 00 00 ¥796- 00 ) 0°0 z°2 LY 9°0 s°8 W1 Ploy 2pn3nyje [erjraur
0°08% 0°s¢ ¥0- 1opel S kLI 9°LIT 07081 00 #9%1- 0081 00 S LG [ 24 80 8°LS WSD ‘apnatsze uing Jurseyd o3 1aanauews WY 12:8€:001
0o 2°€L €°0 962 0°1LY-  8'2¢ 00 00 6°¢ 00 00 0°06 92 80 0°L W1 proy
0081 0°S€ ¥0- 9 %1 6 ¥LY 2608 0°08F 00 6°LEI- 0081 00 L6Se S g€ 6°0 8°Ls WSD SpMIIIE [BHIISLT ‘1593 YT SjeUrWLI} W] LEIHEI001
00 ¥ €0 L2L LTLY- Lse 00 oo L9 00 00 006 ¥ 0t 80 89 W1 uoneaiasqo ajts Surpue| utdaq
0087 0S¢ ¥0- CR 44} 6°¥LY 1°L0T 0°08F 00 6°SE¥-  0°081 0°0 €°09- | 2€:14 01 8°LS WSD ‘a18ue uoryeastoa ayrs Burpuer Fap 0 3 WT SHIEE:00F
00 8°69 €0 S %9 0bLI-  8°ch 00 0°0 0°st¥ 00 0°0 0°06 8 '8¢ 01 9 WT
0081 [ 1 s °0- €°0s7 LSTA $101 0'08F 070 Z°061- 0°08F 0°0 1°29- LSk 0°¥ 6°LS WSD Q10 Juadsap W Jo uotyjuhoriag LIIVEI00T
Top]) Bsp)  [ep) ¥ap) LETY) [CET)] 3sp) [LET3) L L1 Bep) 85p) 32p) 8ap) Bap) [ T EIEYY ITEY ] SELRUTET
g eyl . _t4d 2394 yd YL YDQ VOW o1 1oy mex Yaud apnytBuog  apmuey  2pMuIV sunp
B CEYNEEL(Te) ung 03 yy1eg o1 gajBuy [eEqUIlD IPMIINVY - Uo160g Siydeisouajas . UOIS BTN
03 sa18uy yoory sa18uy Moo saj8uy jooT OWI /' ]ejuUOZIIOH Jed0]

uora1da o3 uang S4V W' 03 Sunyoopun WT/WNSD ‘7 11ed
(penuyuo)d) 31910 reun ()
eje( A1ojoofea], pue spm13y 3yeadadedg °II o1qel

RR



(9350 »

Frigl- €70 wB1s jo Pui ON §°9- 6°9¢1 170~ 20 0°€91-  1°0- 70 €97 Lge- 71 e W1 an:
0081  0°sE whis JosutioN 0S¥ ¥HL 00 0o vsy 00 0o Lo €08~ zn- €15 WsD sixe-z snid §OY) uontufy vana 1d1l  L5180750)
PIOY apryIIe [e13L3ul ‘apnytyHe uang 4L
0} 12ansuvw W (PIOY IpMINye [FIIIWm
0081 006 wls josuroN 2761 | 8 2 0°0 0°0 86€- 00 00 LUgol 7 ¥e- ¥0- €2y w1 ‘aprarie uing Id1 TN o1 .ummun!: o |
0°081 0°5¢ WyBis Jo AU ON  6°bLls  EEFT 070 0°0 7°58 00 0°0 vo921- oLe- 570" €L WSD WeD ‘Supoesy speuiaiiag W1 PUT WSO PEITSIHOT
0°081 606 9] 8°¥6 crisi-  ¥I2E 070 '] 1U181- 000 00 ¥ 20} 39- 2°6 [ 833 W ®IQUIN JEUR] 333U WT Fricyirol
0081 0°s¢ G 6Ly zUot zeLl- 0°9€F 0°0 0°0 8°601 0°0 0°0 27621 L8~ 10 € LS WSD TIQUM JRUN] J23UI WED 62:5¥:¥01
Apaar3nadsag
G 08Y 0°06 [ ¥ 99 Lot [} 4 0°0 00 TET 0°0 00 L1766 1€ 8°0 82 W1 *apnjnye Suiyoeds yy/Ruibues dHA o
0°08Y 0°6€ Lo6LY 9 8% §°79%-  1°¥95 070 00 z°8¢1 0°0 0°0 PorET. 602 L0 LS WSD - Bupide1) LX§ 03 13ansuvwr W PUT WSD SHSEHO0T
0081 718 [ s'e9 vUELi- 0'gd 00 00 1791 o 0°e €06 S L [ ] 6 2% WT , s
00 zel £0 oot LA eN e 219 [13:3 [+ )] £ 891~ ¢ 081 00 C 0€é- et 60 6§ LS WSO ploy spnitize [RI3Iaur ‘jjognd uing HAD SEITEIHOT
0081 8 €0 $°t9 o'eL1- 0°t¥ 00 00 1791 0°C 00 006 Lt ol [ W (32l g .
00 el £0 0°zIt  ® zLV- Z1¥1L 008! 070 £°831- 07081 070 0°C6- [ 1 60 gL WSO sixe-y snuiw §DY) wotiuBy uing HAD 21901
PIOY PPTYINE (RIS UT ‘IpTIINE VING HAD
03 ZI3AnIURW W7 ‘P{OU IpNINIE [RIFI3UT
0°081 9Lt 20 9°€9 VoELy 1EY [ 00 P91 00 G0 S ¥s 7R 7 (% o '3IPNILIE WING HGD TN 03 13AnIuTL
0°0 F14 (] 0281 STt TIYE 60 0°0 £§91- 00 G0 9 %21~ 089 1 1°8S WST WSD ‘Sun{oed; 2IRUTLLLII WT PST WSO §1:07:%01
0°081 0°06 2°8iY ¥'g gFz1-  6FET C°C 0°C 188 ¢Uo 00 [T 6201 [ ['N37 W1 14815 Jo 2u1l NASW damboe W €01 11401
008} 0°5¢ 9°6L1 9°6¢€1 [ [ 2 % BV ] 0°0 c'IFl- ¢'0 0°0 E3a 8 8§01 [ €8S WSO 14818 Jo aurl NASW 2ambde WSO 21:80: %01
Ajaanyoadsaa
0081 006 L6L1 1°86 wmBis JoswION 00 00 LoLey 0°0 00 0°26 27291~ 90" (43 W1 ‘oprarye Bunyora) gy pue Buidues qHA
o -osl 0°s¢ ¥°0 6°9¢€1 Bts joauypoN 00 00 €25 00 00 6 PET- € 0Ly~ [ 085 WSD - Bumpde1y XS 03 asanaurw W PUT WSO 81:0%:¢01
€ L. ©9 [ YA ¥ 92 weis jo auifoN 00 00 090} 00 00 8L S ¥si- 80 [313 W1 1yBrjune 123ua W 25:9€:£01
€LLI- 20 B yo suy oN  wyHis joauoN 070 00 0908 0°0 00 91 S EFI- 01- [ 27 W1
0 081 (] PeLt- V9 yBis joourtoN 0081 00 € 28~ 0081 00 vo8LI- 6258~ 80 €°LS WSD pioy eprilne [PIIIWT ‘Jjognd @ing 1§D BIi¥EIEO}
10 L] yMs jo surpoNy  yBis joaurfoN 00 0°0 90} 0°0 0°c 60 8 i¥1- [ (34 W1 (5320 y
0081 66 ¥oeLt- ¥ U29E yfts joaufoN  0°08F 00 s 28~ 0081 0°0 0°081 ¥ 051~ 80~ 8°LS WSD sixe-x snyd sOY) vontudt ving 15D 9IHEEIE0T 0o
0081 6°6 1o6L1- 17298 wds Jo UGN 07081 070 s z8- 008 0°0 8Ll 6°8b1- 60 8°LS WSO WyBrune 19343 WSH L1:E€:€08 W
00 1ot 3y81s jo aurf oN  Jy¥is jo auTL ON 070 00 1°901 0°0 0°0 b8z ¥oElr- 8- 0°1¥ W1 Ploy apraiye [eILaut ‘3prynge wing IS
0°08} 98¢ yBrs josur oN  ySis joamyroN  0°08F 00 $ 28~ 0081 0°0 0°2SY €228 8- 9°LS WSO 0} 1aansuew ‘Bupoesl awuTuIal W CEI¥2:C0}
0°-081 0°06 1481 jo sur o yBis JOAUH ON  0°C 00 6°¢ci- 070 0°0 L16 Loi- 78" L0¥ W1 14818 jo U] NASW 2601 W1 10:¥2:€01
[N 0°gy yBis yo surf oN  JyBiE JoduyyoN 070 60 901 0°0 00 0128 Lovie- 71 [ WsD 3yB1s jo Ul NASW 2601 KSD €0:22:€01
PIOY
008} 0°06 y¥is jo aut] oN Ly 9°L8 00 0°C ¥ vt o0 00 s 26 L ve- 73 2°LE W1 apnaIzye [e131IUL ‘Ipn3IPe wang 1S W
0081 0°S¢E yBis jo aut] ON 7 2L¥-  L'Lf 60 00 901 00 00 7€€l- 0 %01~ I S ¥oLS WSD 03 2aanaurw ‘Bupyder) IjeUIWIII WSD CE8T:E0T
0081 006 yBis jo UL ON ¥ 9~ 0'8¥ 00 00 8 ¥L- 00 '] ¥¥6 895~ 80~ €92 W1 spryye Butdues
0°08% 0S¢ wyds joaurioN  § SV Z7ULL 0°0 00 Z°0$ 00 00 0°CEl- ¥L9- 0°1- €48 WSO JHA - Buryoesl 1XS 03 Jeanauww NSO £€:90:€07
0081 0°06 wBre yo durfoN 6 9 1€ 0°¢ 0°0 v8s- 0°0 00 g ¥e 8 0% 9°0- €32 W1
0081 8°0S} wBs Jo durpeN  §opcl 0°ss [} 00 2728~ G0 ] 628 ¥es- g°0- z°Ls WSD apnaaE Buyyea) WY 03 13anIuTUL W] €E:10:£01
0°0 0°991 wBis jo aull ON 8 ¥ L68 0081 0°0 29 0081 00 L7691 F 0 1 30) WT elquin Jeuny I33us W1 85:L¥7201
6087 6691 wBis jo surf ON 1 UpLl 0°s§ 0°0 (/1] 7°28- 00 0°0 1991 I 1o S LS WSO 'IQUIN JRUN] 133US WSD 85:9%:201
00 LESY 2 6LE-  ¥LY 8 L68 6088 ©°0 229 0'08F 00 €951 z°81 9°0 08 W1 ploy
0081 8°0LY  1U6L1- 87191 i°RLl 0°55 0°0 0°0 2728 0'081 0°0 9°L2 L7 £°0 §°Ls WS SPIIIIE [BI1IAUT ‘JJOIND UING UOLIIISU] €E:E¥:200
®sp)  (Bep) P Bep) h) Wepl  Es)  Wew) LET) 3 13 3 [GERA] 58} Tw W) 05494 JsAy
]d e3aL g ®IYIL yd *IIYE ¥DO VO ¥oIr nod mE L yaitg apnatBuoy apmtie] FPNILY
215143 4 33430 Gng 03 yizeg o3 #3TFTY jequIt) SPMTIV CCEHTFREIEE I LR BotssT
03 sajfuy yoo] sajBuy Yool saijBuy yoo N1 jejuo21i0y [€d07]
uor3eida o3 uing SV W 03 Junioopun WT/WNSD jred
(penunuoD) 31q1Q IeunT ()
eye(] A10300(ea] pue 9pMITIIYy 3jeIdadedg °II @1qel
S




M”o Y M:w_ mumh_ o”ch_ ouv; 2798 0°0 0°0 9°601- 0°C 00 Pl L o 00 171 W1
0 1751 LA R A V2 S %L1 9°0L 0°081 0°0 8 F6- 0081 00 £°62 801~ 1°o RLC WNSD
o“o mwmm“ m”wh— 9°0LY 9% 2°68 00 (U] 9°601- 00 0°0 0°0 (U] t0 LS W1
00 271 LINAA LA 24 1°6Ly S 0L 0081 0°0 8 '+6- 0081 0°0 toF 00 t+°0 bLe WSO
o..c muoh— §RLT 9°0L) 9 b~ LE8 00 00 9°601- 070 00 L6~ L7768 21 £ "8RS W1
0°0 2°st TrLLl- 9721 17641 0°0L 0081 0°0 8 "F6- 0081 00 0°GL- 768 ra | € RS WSD
0 ”o [ ..c €°8L1 Q0L 9 k- L°v8 0°0 0°0 9°601- 0°C 0°0 006~ 006 ra €89 W1
0°0 00 $°19 56 L) 8 g Z°56 409~ 00 0L 009~ 00 6768 006 2 € "RE WSD
14815 jo aurf oN Forl- 1766 0°09~ 0°0 €£70L 0709~ 8°0 LoeL £ °to1 171 £ 89 WSO
14815 jo au1 oN y81s jo auly oN 0 °09- 0°0 £°0L 0709- ]°0 TR7- 27181~ |70~ LS WSO
wy#s yo aurf oN 3431s yo sulf oN 009~ (U] € 0L 0°09- 00 e 9°FII- 7271 S LS WSO
14318 yo aur] oN LA B B 1766 0°09- 0°0 £°0L 0°09- 0°0 0°0¢T - 0°0¢- 70" ‘LS WSO
1yB1s jo aul] oN LSh- 021 0°021 €70 S'¥1- 07024 €0 6601 L6~ 170 S LS WSO
00 o°c 0'0 858 €°6L- 0°891 0081 £°0- §rca 0081 ¢€°0- 0°0tI- (U &) 27 1°8s W1
(U] (] 0°021- Z°%6 Lsy- 0°2% 0°0z1 €0 SEI- 0°02) £°0 00t [ 2] 271 1°8¢% WSO
0°0 0°0 (U] 898 €'sL- 0°89Y  0°'081 £ 0" G691 0°'C81 €0~ 278F1 2°%01 (] €789 W1
0°0 () 0°021- Z°¥%6 Lsh- 0°2Z1 002} L0 SFI- 002} €70 |3 7°'¥01 [} € 8% WSD
0°0 [N 0°0 868 4315 jJo Ul ON (08} £ 0 ER-R 0081 £°0-  Z7°8%1 0°8¢l L0 ¥ '8¢ W1
6o 0°0 0°02i- 2°¥6 y31s jo aurf oN 0 '0Z} €70 SHI- 0021 £°0 8°0€~ 0821 L0 t8s WSD
0081 0°06 L6LY 0°¢ yd1s Jo UIf ON 9 6L €0 L9L L6L) £°0 9 9% [ s°0 £°89 W1
6'0 Lo 0081 2°t6 4318 jo UL ON G627~ £°0 SEi- L'eLi- £°0 9tr- 6 °0F1 S0 €88 WSO
07081 0°06 9°6L1 1°¢ Y318 jo duijOoN 9 6L £°0 3°9L LeLl €70 2°9% At S0 €86 W1
oo 90 0°08¥ 7°'¢b 1ydis Jo sulf oN 9 6L1- £°0 GEl- LeL)- £°0 6°ty- 2% s°0 € '8% WSO
0081 0°06 S '6L1 LS y31s yo surl ON 96241 £°0 ¥osL LbLl €70 1°2F 6t t'o € '8¢ W1
0°0 ¥0 6°6L1 9°¢6 yf1s jo BUL ON 9 '6L1- £°0 6°€1- 9°6L1- €0 0°8t- 6 bt t+°0 ¢85 WSO
G 081 0°06 §6L1 1°9 1ydis jo BUI ON £ '6L1 £ 0 6°SL L6Ly £°0 9°2% 2°St1 ¥0 €89 W1
(L] ¥ 0 6761 9°¢6 yB1s jo U ON 9 "6L1- €0 6°€1- 9621~ €0 8y z°s¢) 0 €89 WSD
07081 0°06 6L L9 ydis Jo Uil ON L 6L7 L] 8 '¥L LUeLl €0 0°%¢ 961 £°0 1789 W1
0°0 z°0 8°6L1 6°¢6 s yo dU ON 9 "6LI- £°0 [0 4 0 9 6Li- €70 629" 9°6¥1 €70 £ 89 WSD
0081 0°06 27611 8°a 815 Jo suIT ON L 6L} ¥°0 6 €L L6Ll £°0 2°¢¢ 2°081 £°0 1°8¢ W1
[/ ] 20 8 6Ll 0°ve 1y81s Jo aulf ON 9 627~ €70 1°F1- 176LE- £°0 S LS 27051 L0 ¢ "89 WSD
0081 0°06 6L oL 1yd1s jo Ul ON  7°6L1 0 €L Ll £°0 80t 1°¢sl 270 6°LS W1
g0 7’0 L6Ly 27621 1ydis Jo AU ON ¥ 6L~ 0°0 ¥ov- 0081 00 576~ 17egl1 Y £ '8¢ WSO
0081 0°0& 16Ll 979 Wysis jo Uy ON 8 6LT ¥0 gL Aol Yo 0°0¢ 8°tGl 270 6°LS WY
0°0 00 L6l 0°0¢1 y31s yo AU ON  § ‘617" 0°e 2°05" 0083 00 £7L6" 87¢41 770 t ‘RS WsO
0081 0°06 6°LLT Lz 14d1s Jo U ON  0°0 0°0 9°L0I- 0°0 0°0 S Ll ¥UIsi- 870" ¥ oF W1
0°081 0 %€ £°0 9709 3ydts jo BulfOoN 00 0’0 1761 0°0 00 L¥8- 0061~ 670~ BLS SO
0°081 0°s¢ 14815 jo aul] oN 1ydts jo 2uljoN 00 0°0 t 67 0o 0’0 6101~ € F1I- i $°Ls WSD
0081 0706 yBts jo surf oN 1ydts jo sulfoN 070 () 016" 00 0°'0 8°L2Z1 LUhrE- o °FF W1
0°081 0°06 Y315 jo surf oN €9~ 1°8% 070 0°0 8 eL- 0’0 00 6911 S6L- - Lrd W1
07081 0°s¢ 1y81s jo aurf oN z°sL1- 1Ll 00 00 Fa 5 0°0 (U] S9%1- 1R Fa t LS WSO
T8sp)  (3p) @=p) [EE3)] [EET) (3ap) (3ap) (Fap] (3ap) [EED)] (35p) (Fop) — (Fop)  ~ (3op) [EET0) BT EITEY Y
nd ®eyL 1ud eay L 14yd =2yl VDO VOW vOI 1oy MR Youd  @pMIEueT]  aprine]  apmnlv
312143A J94i0 ung o1 yyaeg o3 s9[duVy [equilr) spmmy uoytsod oydeadouaiag

01 $a[3uy qoor]

62[3uy oo

$313uy Y00}

nnl1

{eiU0Z1IOH [Bd0]

BAQUUN 131UY ] pUR WS

uotjtudt

uon3afdap 01 UIng G4V pouurwIun T
ploy apnirie ferjiaut

TOPNITIR UOTIEAIASQO T O 13anaur
‘1AANIUBLU JATSBAD 2)a[dWOd WD)

I2ANSUBLL DATSRAD NG
13e1s cuosiyal T aapdwion
1ydts jo auty NISW 211nboy
ydtuns 19iug

y3dis jo aur] NISW 2507

ploy apniiije [erjaaut
‘opryne uostial W 01 13Ansuep

'aqQUWN Jeun 1’2)Ug

Ploy
opninge [ealout ‘Bunyoop WT/NSD

1y81s jo aul] NASW 241inboy

3} 0§ = 38uex PT-WNSD ‘apmitie
Bund0p 0} 13ANIURW W PUR WSD

adues WI-WSD ‘¥ 58 = 28uex
WI-WSD ‘Jjoin2 uinq Junjesrg

3 001 = 28uer NT-WSD ‘(si3f 7 sixe-7
snuiw §OY) uvonudy uing durjeaq W

Sunyde1; anuyuod
W' pue WSO ‘Jjoind> uing Juryeig

i} 006 = d3uel WT-WSD ‘(siaf 7 sixe-7
snutt §H Y} uonutudt uing Jurieaq W
Junyoreay srunuod

W pue WSD ‘jjoind uing dunjeag

1 00§31 = 28ues WI-WSD ‘(sial 7 sixe-7
snutw §OY) Tonwudt uang Juiyerq Wy

Juiydesy anuyuod
W'l pue WSO ‘Jjjojnd uing Juiesq

B 000e - dFue WI-WNSD '(s10f 7 sixe-7
snutw §HY) Jonutudt uing Furyeaq Wl

wdtuns 121U (N

wduns 103U WSD

1YB1E Jo aull NASW 2801 WSD
yers jo aul NASW 250l W'T
Araayoadsar ‘apmnye duijoery

My pue Butdurs JHA - dJunjoral [ XS 01
daAanaurw W pue WSD ‘jjoind> uing Id4 L

yuaay

0f7HR0T

LSBEBO1

6760801

+2°60:R01
PEiP0:801
2102201
12:81:201

SF:05:907
945:¢4:901

00:02°901

££790:901

01:2L5:501

0£°45°501

Y2 versol

0§:¢£6°601

+0:¢5:501

6¢:15:501

L7°15:601

0£:04°601

t1:06:501
L3R4 RI-T0M
6+ 187601
L0:07:601
2¢:61°501

HOTSS TN

uoryardeg o3 uang S4V W' 03 Sunydopunl WT/INSD iz 3ied
(penuyuo)d) 31910 teun (o)
eje( Axojdefea] pue 9pn3ily 3Feroadedg

‘II ?19=L

57



i . »
groy spritpie (e tAgdesioioud dust
ATULIUGD 'UNS TUCI] ABWE SMOPUln
6921 0-cLl Tt RUeH 0n 00 A [Tl 0°C 07201~ 001 7w arng 03 utod 1P1G8QNS (B 19ANAUBKN 00:¢S bl
HACYE SRR AN ol 6Ly [ [0 Ll Q il 0URLT PRI [ T WATS pooat] NASI A4mboy fpesiedy
LTELY- RTRS iTis JO aug ox 0 URT I [ . [ 5 - [N g < iy pune 1oug (AR AT
PO TR (BY0L AT
WFIE JO QUi LN WATe JO AU CN RIS g [ Coend 0 0er- e T sl cudradoiend dizis oL I2anaURs 00T
e Je au REEES R fimi Toviis Lot s (s foepg - 71 [ N N SN £ A U J2 et
Jysits jo aur oo Sy RS Gt . RN Ol ) S : [ [EERIERE RTINS S LTI SR VAEES
B sutp ¢ R Cowo A P aad oo PR <o , .. EPERTUIE TS RPN I LR AR
piey ~bnitnE
€70~ LT Pl TR PRSI ¢ [N - [T LT T o [ (Riizaut 2 yoiid ML FO7T--11
797 e Audesdoloyd
Tl i RTA Tl (SR oo S Ced s [ [T [ (RS vz uord asiEAL G RIg T bl
biou ocprane [Bonl oyE e cudrazeigd
LRl FI SN LA [T o [ IS 90 § AvE Iy Joj apniie (BT Gy JIanaUTY 00 00:%11
S I S uti- [T : Leti- e oo 6k 7R iys cuip NASW aboy 6 7ieGiL
Ras ponet IYRIS JO AUl &N 0°5%1 [t} S A el 60 LA B SLs WMELURS 13U 0s:22°2 b1
3uydis jo auif ox FIE JO AU Ox] 0°cel Lkl gl 00 [ $ LY DTS O BUIE NASW 25070 20-60-L 11
s jo sur| o S GEN T ra-re} 07551 IRy L6t 0l 00 1°0¢- L 1o kLG BIQUID JEUn: Ia7UY 6Z e i
9+ Coel BN 9821 0 etl 00 L6l - 0ssl (V] § ebi- & t01 (O} 78S wgdAts o Ut NASW aanboy [ ARFATLR B}
9ttt 2°0¢1 1yBs jo 2utf o 0Lt [ Lerl- 0°¢el (1] Tryrt 1Uest- 8°C- SLs wy3runs 11uy Q7 +Z:SHi
y31s jo sull ON BIs Jo AUl oN 07581 GO -1 0°sf) 00 LA L% 0 A LS 1yATE ooButl NASIW A9¢TT IT-HY-ShE
YRS jo aurp oN 9 °0F1- ¢ 8Tl 0°¢t1 0°0 Lt (A2 0°0 [ LR It b6 wOLE TaquIn J'UTC 03Ul 6Ll
3+t 2°0¢1 G 0ti- 2Ly 0¢cel 06 Letrl- o] [ FANEL 3 e te0l (V) 7 8¢ WAts o oaatp NASW 22mboy (AR RN
C £°0¢1 1YFis jo 2urp e Geed 0 KRS o O G Porn [IR 2 B ®O- crLe w3quns 1oug 0s:¢Z el
14d1s jo surf ON 1y3als Jo aulj © 0rsel 00 0s¢1 G0 &7l tocii- FA B ¢ Ls WAts jo Aull NISIN 38071 0181 v1
y3ts jo auyj ox Y2 2 7°Lel [U-R [{a] 0¢t 00 L7 [ 06 FLS BIGWN IRBUG] 13307 068211
by €768 ERN0E 2 B YAl 0°5¢1 00 0653 00 LEREE 3 it LIRN] AN TRE Judrs Jo aury NASW 241mbay 1110211
9%t €061 14d1s jo aull ON 0°5¢t Go (AL 970 | EN] sl LG ERAY wyIruns 1au 6175811
1yB1s jo aurf ON 1Y31s Jo AU} ON 0rsel (Y 0°sel 00 Sl TUehEC P T LAY BIS jo dul] NASW 25471 ELEE S R B4
y3ts jo aurf ON 90t~ 279y 09t} 0Y 0reel [VeY] I s [3¢] 8Le 'BIGUWIN IRUR] J33UT 6s- 0kl
9ttt £°0¢1 IR S K- 0°¢¢€l 00 0¢s o0 toarl- 701 01 7 RS ysts jooouil NASW armboy €5:20:011
aFt toel 1431s jo aul] ON 0ced (UMY 0rsst 00 (SR LA B [NV Sl IUATUNS 13Uy 04°FZ:601
Jy81s jo aunl oN 14315 Jo AUl ON 0°¢el 00 el 0°C R [VER-S 3 o €rLe WYAIS Jo SUll NJSW S0 £r9iel]
Ploy dpritie
1431e jo aul[ ON SU0ki- 0 ezl [UN-32] ¢°0 J Y S ¢l 00 €87 |3 vt EULs tenIauL Copnitir®e daots 0} JATAUEW  0C00°6CH
Jpeano
y3is jo aurl oN 2758 9°0L 0081 0°C HE- 6081 (Y] £ L) B 170 ®LC uctia[dop 01 UING SV PIUUBLUUT NTT 16:7¢:%01
[(CED] [CERD)] {Fap) (32t} @ap)  (3ap) {F5p ER) ap (Fapy _ (3ap) 7-pP) 95p) 5p) (tw uy IeeRE] (Jos uluiiiy
uoruuns | 1JRYS ud B34 ] ud '8y L ¥DO VOIN vol lioy mey yonrd apnitBuoy  spratiey N Awitry
yieulpue] o} ung o) yied o3 s3{3uy fequui) apmmy Uo111504 dtuderdoualag UOISS TN

sajfuy ool

sa(8uy ool

319Uy joo

NI

1eP1u0Z1I0}] 1B20]

uonud] uing IH L 03 Jjoind uonaidaq o3 uing SAV W'T
31910 Ieun (D)

eye( A10309(ea] pue 2pNITV 3JrIDOSDIEAG

¢ j1ed

‘II @19®eL

58




£768 R'Q £°0 QoL wALs jo aur] oN 00 0°0 66 0°0 00 022~ LR S0 8y 74D uo fuppoes) »rewpue| uidag 01:68:971
20t L83 90 182 y31s jo auif oN 00 0°0 r s 0°0 (VM) 0°2¢- ClS A | L L7LS ' in uo Bunpoesy yaewpuey udag 01:62:671
¢ 8¢ wydis jo aur oN 0°0 00 LoLL 00 0°0 0°27- 17091~ [ $LY yRuns Jajug 6+:91:921
Huiyoery
1y31s jo sul oN yi1s jo aur] OoN 0°0 0°0 tfe 00 [UNY 02 0 tF1- T LS jdeuwipue] 103 PlOY IPTILIE |BI0[ 11RIE £E111:621
ys:s jo aut] oN w8ts jo surf oN 0°0 0°0 tfe 0°0 00 L70%" i 770" £ LS dts jo aul] NISW 28077 71:20:¢21
y31s jo sut] oN 86L1- 9601 00 0°0 tge 0°0 00 Seel- nraze 00 fLS juswudjess WL uizag 00:€¢:tel
dts jo aurj oN 8GL1- L7607 0°0 0°0 tt6 00 00 [ IR o 88~ 170 8°LS riQUD IRUn] 133U RZ:0€ 21
ploy #pnitiie (enIaut
/8L 621 RSLY- oory 00 0°0 tfe 00 0°0 0°¢Lt 1761 870 18RS ‘apminie juawudyeas IN] 03 12An2UEN 20:81:%21
0°0F €9 Ve 6°FLY L3 8LL 00 00 ¢ e 00 0o 022~ 787 [V} Z°8¢ 0¢1 uo Buniresy jrewpue] uldag 20:51:%21
96t 29 £°0 [N RR + 91~ [ (UMY 0°0 Log- 00 0°0 0°22- s'16 [ { '8¢ | -4 uo Funyresy qiewpue| urdag LYi¥s€2
£°0 0°66 8 ‘89~ £°F 0°0 00 SRy~ 0°0 00 02z~ 201 [ Z°85 WdTs Jo 2ul] NASW 2imbov Le6¥ ezl
2768 S'9 t°0 1L wydts jo sut oN 0°0 0o ®°8 0°0 00 0°2z- 871¢€1 G0 0 "RS 740 uo Buppoesy yavwpue] utdag 00:1%:€21
10t + 81 9°'0 1762 wy81s jo auy oN (oY 0°0 [ 0°0 0°0 0°22- S FLl to- LLs ! 4D uo Bunpoeay saewpue| uidag 00:22:¢21
68 8 14818 jo aurl oN 00 0°0 nULe 00 0°0 0°22- 17651~ 6°0- LS wyBruns 133U 61:81-¢21
dunjoexn
yd1s jo surl oN 1y81s jo aull ON 00 00 t°26 0°0 00 072~ 0°fty- [ tLs Md'WpPUER] 10§ P[OY 2PTINIE |EDO] IIBIS 22:€1:¢2)
1y31s jo aull oN W3dLs jo aul] oN 00 00 t 76 0°0 [N 01¢e- LI ) Z271- £°LS WBis Jo 2ulp NASW 25071 95:€0°¢21
1y31s jo sult oN LsL- 9601 00 00 tz6 00 0°0 0681 " 6792~ 00 LLS wowud:jess NN] utdag 00:6¢:221
y31s jo aut| oN LrSLE- 97601 0°0 0°0 t 26 0°0 00 Z°8r1- LA g 1°0 8°LS BAUIN LeUn] I33UF 66:1€:221
ploy apnine |enisul
LreLl (U4 LISl 67601 0°0 00 t 6 0°0 00 0Lt 1761 8°0 1°8% ‘apninyie juawiudijesl MW O) 1aanaue 16:61:221
0°0% ¥s 8¢ 6°6L1 7% 6°LL 00 00 t°66- 0°0 0°0 0°72- 2782 01 Z7°8¢% 0¢ 1 uo Buppdesy yiewpue| utdag 16:91:221
96t 0°9 €0 RN 2°el- G 91 0°0 00 0te- 0°0 0°0 0ee- S1e I €85 } -4 uo Bupides) yiewpue] urdag 90:95:1 2%
£°0 0901 6°L2- L'8 0°0 00 1702~ 0°0 0°0 0°72- (U 789 14815 jo 2ull NASW 22mboy £€0:29°121
Z°6¢ Z°9 €70 92 1yB1s jo sul] oN 00 00 LoL 00 00 0e7- s ‘0 0 RS 745 uo Suppren yrewpuz| urdag 06:2b:121
86t £°81 $°0 z°0¢ y81s jo aurl ON 00 00 2708 00 00 0°22- to- LS Vo uo Bunpoeay yrewpur] urday 16:82:121
8t (381 1Y3Ls Jo 2ull ON 0°0 00 STLL 0°0 0°0 0°22- 670" S'LS wduns 123uzy 6t:61:127
- Bunjoey
1y3rs jo aull ON ydts jo aul oN 00 00 £ °c6 00 [ 0°?22- ¢ orl- | 0 $7LY Nirwupue| Joj ploy Apryiie [esr0] 1€ 00°¥1:121
1y8ts jo aul] ON s jo aulf ON 0o 00 £°66 0°0 0°0 [ 6t - 27" §£°Ls 1yd1s jo Ul NISW 25071 0+:50°321
y3Ls jo aur oN 6 tL) - agri 00 00 t sk 0°0 00 ERL S I e 2°0- 8LS wuawudiess W uidag 00:5€:021
4dts jo sull ON [ gL (UM 00 £°56 00 00 RS a2 i L 1o /LS BIZUWDO JBUN] 193U b2igei02
ploy 2pnilile "enradl ‘apnjule
Juswiudjear [JWN] 01 Joanaueld
tbLl 0°¢1 6°tLl LEn 0°0 0°0 [ 0°0 00 [T 67 $°0 08¢ ‘Aydesdojoyd diais sjeurwiIal  007L2:02})
Pioy apmiine
leror ‘Aydeadojoyd driis snurnuoa
L6Ll 2°801 06~ L4 | Y 0°0 CRR YA 0°0 00 0201~ toee 01 7°8S ‘apnjuie isnfpe ‘Jap 0z~ meX 00:L1°021
Ploy spmitye
£ 7961 €°LE) $°9 8811 00 007 1°8€1 - 0°0 0°02 07201~ 60 Faa ¢ 78S {er0f ‘JS71 apn(sut 01 dap 07 mEA 00:90:021
(3p) (3=p) {3ap) (%=p) [EED] (dap) {#ap) (3=p) (3ap) {Bap) {Fap) {dap) (3ap) {35p) {1 a) Wuarg dosiuntiiy
uotuuni p JeYS ud B3yl yd ®1A4L VOO VOW vOol ey MmeR yurd apnytduo]  opminer] SpMiny Qwiry
NJewpue] 03 ung 03 yiresy ol Solduy [equIlD APV GO131504 21yde13oua[ag UoI1SSTN
sajduy oo sa[duy joog sa(8uy joo] NNWI {ejuoztioy [€20°]

uon3tu8] wing IHI 0} Jj03nD uonarda o3 uing SdV WT ‘¢ 31ed
(penupuo)) 31q1Q 1eunT (9)
vye(] A10309fes] pue S9pnINY 3jerdadedg °II @1qel

59




plog apriuge (ero] ‘Alurmizedde jo

1y31s jo urf oy 4315 jo dul{ oN 0°0FfT 070 6°L8 0 0%t 0°0 05k [ S 774 Ciy SisRi®1 G1oud 40] IPRITT G} IONTIURN 0060181
s jo auy oy yB1s jo auy oN 0°08l 00 [ 0°cel 0 Loss Coat- T €l DTS Go AuT] NISIN 80T 10788 7¢d
14818 jo aurg oN LTELy oUEEL 0°0KI 070 CREI BT ¢o V- et too- Sk PIAWNALEAL NT ETIaE By
WILs jo aull ON LUELY R EEL 0081 070 RS "I -l DR A 30 - PaGi.s Ay ERERIC IR A R
Pl AR Lt PRI UL
£°0- [ #4 LTELY tUEED 07081 00 £ rug - 0°Cnl 0 coue - A 9 SPTATLE JUAWLTU Rad JN] L S aaTAURY RS
Bl
€0 C 1 CREAEht couet 000 BN N o [ ¢r- S oy PRUATLT ELAALT T R EEA
<gTr e cudesde,gd
LA ‘gLt €Ly EREA 0%t N0 8o~ noes @ty e L] L £ s eier unitd Las C S SR BRAN
e
Lol U811 £ ez ¢0o-ri 070 EREAN fm c T : dIareuR Prased pUT GGzt
so- o bl Lot [ ¥4 0081 0°C ¢ ECh- B SR w61 T JuBtS jo SUlY 2 whow ok 7rasd
S'0- 6 FEI w2is 1o 2wy N goRl oe RS L Ui - FR Ve s 1.3 ) 1<
y31s jo auip an wudis jo aull oN VO8I 0°G ¢ el - . PN - [ LITIS oo sui N dSW ST fE o scisT
RS jo suyl oN ERE NI [ ¥4 G081 070 € Fer- [FRER] oe e Kiz- P 6Ls RIGUT 1RUN ID1UT 4317091
S0~ 0°s¥1 et §°021 C081 00 £ oEel- 0081 (¢} tonkg - t 01 [31] 78 WS o AU dsHN odmboy pgireiezd
S°0- 0°5¥1 1431s jo sunp oN 0081 070 € El- 0 0%} G0 <71 1ozat- 6 &l WEIETS 12193 il
14818 jo autl oN wdis yo auil oN 0081 00 [ I3 [N 0°¢ 9RL Z°shi- k4 Ll BALS J6 AU N IS ISOT LT-SSIRZE
yAts jo aut] oN 9°cel 0021 0081 00 [N v ol 00 R 8°02- 10 A BIqWT JRUny IBUE €711 70R7E
Bloy 3pmiine
§°0- 0°S¥PI ERLTA L6 0081 00 £ FET - 0°081 00 065~ 270l 60 78S [BLL2UT "opnItie 1831 o] 13ANAUR)Y NZYII82E
LUb¢ 0°s 2z 82 6°¢- 9°LL 0°0 0o 276 0o oo 0°2z- 282 [N T UHS 01 UL AUDYDIBAY AIRWRUR] UIBAG 7110871
9°6€ z'9 £°0 17601 651~ 1UEl 60 00 ¢ 82- G0 0°0 0°22- S 16 (! £ He P-4 uo Bunoedy aewpurl utdag ¢ ;507
€°0 0°L6 2°0L- [ 0°0 00 t91- 0°0 00 0°22- R0} 60 278 WA Jo AUl NS #ammboy  7iiari 2l
£68 L £°0 9769 1481 jo sul ON 00 00 601 00 0°0 02z~ 8151 S0 0 "R 24D uo Buiide1l qieWpUe| WidSY 0215112}
0°0% 268 9°0 zLe w818 jo aurf oN 00 0°0 ¥ €S 00 0o 022~ S kLl £0- Lol V4D uo Junideay yaewpuey utdag  j2ifgiezl
£¢ 8% 48ts jo aul] on 0o 0°0 9°LL 00 00 072~ Tor9r- 6°0- cLs wdnuns 123 o3zl
. Auryoed;
315 jo aui] oN ]IS yo aull oN 00 00 S e 0°0 0°0 0°27- 0 tt1- HIRWLUE] 10} ploY APRItEe (B30 1IRPIS  fFionizZ]
wdts jo aurf oN iydis jo aut] oN 00 00 9 2 'R G0 €716 LeTh- WIS Jo outg NAGIN ISOT 17560020
1431s jo aurp oN 6°CL1-  L601 00 0°0 S ko 0°0 0°0 Poekr- 627~ §LS iuaWuUBI{RAL NT Utdad 00:0£:%71
WyHs jo aurj oN 6°6LE- L7601 0o 00 S t6 00 00 £ 9L - R61- (] HoLS BIQUUN IBUNL I3IUY  (SIRZINZE
PIoY apritnie {eliIaut
€ 8Ll 6°¢1 R°GL1- 07011 [Vli] 00 [ 1 00 0 0Ll ol 60 288 APTINGY JUALUTLEIL QW] 01 13aTURN 7] (07
L6t 0°s 9°2 6°€Ld [ RN G0 00 ¥oEG- Y 00 02z 782 7789 O¢1 uo Bunpresy qiviepuey uidag  Trig)ingy
9°6¢ 9 €°0 17011 2°91- %1 0°0 00 962~ 00 0°0 0°22- S1b £ 78S 1 -4 uo BuIORI] IeUpURL UlFAY 177 7¢ 57
€0 0°86 €69~ 2t 0°0 0°0 S L= 0°0 V] 0°22- 2°F01 60 786 wats jo sulp NASW 21mboy piatigzg
T {%spy  (%ap) {33%) (337 [CETY] (35P) @Fpy (F99) (350) BBy (33p)  (33E) {75F) (73p) (T ay IRy (HasuniIg)
wofuuni ]  ®YS 141 BIPUL yd ®1aYy ] vDO VOW ¥l ey mey 4oud apritBuc apminiey apmiiljy
T yaewpue] o3 ung o3 y3zed o3 T e3(fuy jequwiiny 2pMIINyY uo11sog »1ydersouatag
s82]3uy qooT satduy Yoo sa|duy yoo] AniI le1u0ZlI0H [B207]

uonud] uing [H I o3 jyoind uoyardaq o3 uing SdV WT :¢ 3ied
(ponunuon) 31910 1eunT ()
ele(] Axojdoalea] pue spninlv 3Jeadsdedq °II @19el

60




0°6L1- 9°82 yB1s jo aur oN 0081 2°0- 25 07081 2'0- 976~ 9°6S1 1°0- R°8% uontudt uang AL 22:02:L%1

0°6L1- 9782 Bts jo auig oN 0081 2°0- e 0°081 7°0- RLE- 17991 - 60~ S LS wBiuns 1a1uyg 8F:L0°LET
1yBts jo aurf oN W8S 1o dull ON 0 ORI 7 0- Tz 0'0o81  z'0- S L6- FACIR z- [ 1YB1s jo AU NS #S0T  §2:1619¢1
PloY apnitaie [enzaut
1y81s jo aurl oN 6°¢ €729 07081 Z2°0- trze 0081 2°0- PrLre- 9796~ 150 s +Le ‘oprinie uing 131 01 32p 081 [10Y 00:4+:9¢1
yd1s jo aury oN Prasy - 929 0°0 2°0- ¥res 00 20" IR o T hua- L0~ S LS wawudifear QW] utdag 00°G¢:9¢1
wysts jo aul] oN 1°9L1- L°29 [ z2°0- +2¢ 00 20~ €LY 8°Fe- | 0] 6°LS Blquin teunf 1ajuy 827:12:9¢1
Pioy spmitije [enaaul ‘dap
[ <82 17941 8°29 0’0 2°0- +°25 0°0 2°0- 6991 tgz- 0 0789 0R/1 P2l1o ‘apnimie [J1 03 12anauepy 00:0Z:9¢9
ploy apnine jedop ‘Aydesdoloyd drais
L 6Ll L7211 tg- FRTR 00 00 991 - 00 0°0 0201~ 662 | 7°8S Anunuo> ‘apmitiie jsnipe ‘d9p 07 mex 0£:¢0:9¢7
Ploy spniiize [BIO]
6°221- 67991 6°9- 986 00 002~ LR R 070 0°02- 0201~ 0798 1 £ 89 ‘3118 puelydy apnjsut o) dap 02~ mex £2:6%61
(34 FELY S E- 928 0°0 00 [ 00 0°0 0201~ 0°501 60 z2°8% 148rs jo surl NISW jo uonrsinbay  62:6€:65 1
ploy 2pminie jesol
$°0 9°GH] wdts jo surp o 070 00 L¥9- 0°0 0°0 0°201- 8 1¢1 ¥0 0°gs  ‘apmime Aydeafojoyd drays o3 daanauEN  0010€16¢]
270~ 8661 SIS jo 2ulf ON 0 °08] 00 £°¢21- 0081 0°0 S'9¢1 17691~ 60~ S LS 1ydyuns 1ajuy 81:60:6¢1
y3ts jo aurf oN y81s jo aui] oN 0081 070 [ T4 i 0"0R1 070 9L 1791 - 70" £°LS Wdls jo aul] NISW 25071 ¢ ESTRET
s jo sull oN 2°9L% 67111 0081 0°0 € ey - 0081 0°0 t e 8¢z~ 10 R7LS TlQUUn 1BUN| 133Uy IS T4 2l
, ploy apmuie [enaaul
L7°0- [T 7791 811 07081 00 (BT B 0081 00 0°22- 19- 50 0°8% ‘suonedIUNWWDD 10) 83p 0yl 110y BOILIHET
14 LF- 681 0631 A L7201 oo 0°0 F4 2 00 00 [t It L0 1°85 061 uo Juniors) srewpue] uidog ROFIRE]
Y $ 22 870 0°6¢1 6 ¢ toen 0°0 (0] TR~ o0 00 022~ Z2°6f 271 £ "8G 1d uo Bub{onay yrrewpue| utdag $1:20°%¢€1
Ploy apnime [ed0]
t0 L1z s z2°62 0°0 60t~ 00 00 0°22- ¢TI 1 § 89 ‘ApPMITIE 3unydrs 1eUPUE] 01 I3ATIUEBW 00:06:¢¢1
L'6L1- 0811 t 1Ll ¢ e 0081 00 € Le- 0081 00 -8 ¢ ot 60 786 WS jo aull NASW 21mboy Vifigeed
F6L1- t762 1y81s jo aun oN 07081 00 1°5¢% 0 '0R1 00 0 st~ 17891 - 670~ 5°LS yatuns 1aauyg [SHIZA]
LT I .72 M -7 B €7 A €72 N -1 I -7-) B €7 B €570 (F59)  (9op)  (9o9) T955) 95p)  (rw a) T A EEERT I
uowunIl  3yeYs wya eIy L Yad ®I9YL VDO VOW vDI oy Mmex youtd spritduor]  IPMIUET  OPMILY awry
NIeWpue] o3 ung o} yjiey o3 so[3Uy [equUIn apniy uontsodq stydergouatag uots Sty
s318uy oo s313uy oo sajduy xyoor] NAIT [BIUOZ1I0H [BD07]

uontuld] uing I I 0% jjoind uonarda o3 uang SdV T ¢ 31ed
(penunuon) 31910 1eunT ()
eje( A1o3oofea], pue spm1yy 3readsdedg °IT o1qel

61



po1inbai se jjerdadeds 1aansuen

UO13D3110D ISINOIPIN

00:0%:9L1

poaimbax se jjeadadeds xaansuepy jusurugiress QNI uideg 00:0¢€:5L1
s3uryydis
uotjed1A®BU UOZ1IOY Y3j1ed
poxinbai se jjeidsdeds IsAnsaue -1e3s uifaq ‘DI d @jBUTWID] 00:0€:PLY
8°bel 0°06 091 5’68 181~ 1°68 6 0% 0°0 0°06- D1d uidsg 00:0€:1L1}
s3uydis
uorjediaru UOZiloy Yyiles
palinbal se jjeaosoneds 1sanaue]y -1e3s uidaq ‘Dld @jeUTWIA] 00:00:1L1
S1d lewaou
8 'v¥ 0°06 A o A ¥ 68 Geel 1°88 6°0¢1 00 0°06- sumsal ‘3s9) DL SIFUILIST 00:5%:691
{013U0D apniyle
noyiim 91el [[0d Inoy i1ad
0°¢s¥ 0°06 9°FL- ¥ 68 9°¢ed 0°88 6°0¢T 0°0 0°06- suonnjoas: ¢ je D1d urdag 00:9%:591
s3uiy8is uorgediaeu
paiinbax se jjeaoededs 1eansue]y uoziioy yjiea-I1e}s uidag 00:07:591
juawugriesas
paiinbax se jjeidadeds 19AnsuBy NI ui8aq ‘D1d d1BUlWId] 00:00:591
9°s¥ 0°06 9°9L- €68 0°9¢1 6°L8 6°0¢1 0°0 0°06- D1d uidsg 00:a¥:29l
peiinbax se jjerdsdeds isAnauey UO1}29110D ISINOIPIA 00:02:2S%
s3uny81s uonyediaeu
paiinbai1 se jyersaoeds xaanauey yiewpue| 1eunj-Ie}s uidag 00 :00:1S7¥
juswuBiresx NI
poxinbai se jyerdsdeds 1sansur ui8aq ‘Dld dleUIUIID] 00:0€:0G1
2°9¢1 0°06- L°9- L°68 9°2¢1- 8°L8 8 0¥ 0°0 0°06- D1d utdag 00:0¢-8¢¥
: LVINNSAZ3Y O1d 9
paimbax se jyeidsdeds z1aanauepy s3ueyd ‘juswudijear W uidag 00:00:8¢1
A TA 27071 0°0 €67 [AETA 1 AN°Y4 L'6LI- ¥°0- 2°6¢- NJASW »1mnboy S1:67:LET
PIOY @pnjIjje [e13Iaut
‘apnjr)le UoljeAIdSO 9DeJINS
v6LT- 2°021 0°0 0°0 y81s jo su1f oN L'6L1- ¥°0- 276¢- leunj 03 IsanauewWl ‘}joInd [HI 11:€2:LEd
“(3°p) (85pP) (3ap) (3ap) (8=p) (3=p) “(8ep) (82p) (39p) jusay (o9siutwiay
yd elayy ud B394.L ud 2194 L Vo0 VON VOl auwny
ung o} UOOIN O3 yiyiey o3 sa1duy UOTSS I
sa18uy soory sa18uy oor sa18uy yoor] requiny NI
yjreasuexr] (p)
ele(] A10309(ea] pu®e °2pNITIIV IJeIDSDRdAS Il 919l

62




6°L2 €207 G°'0 €86 0°0 0°'¥bI11 0°0 0°0 0°961
1°¢€7 Z2°¢L 07161 8 '¥9 2761 8 °vL 0°0 0°'sk- L26-
parnbai se jjerdsdeds Jaansuey
7°87 ¥t 9°0 176§ 0°081 8671 0°0 0°0 0°951
paimnbai se jjeaosdeds 1vansue]y
pazmboea se jjeadsdeds 1aanasue]y
G 6T~ 0°06 0°L01 S 68 906~ £°88 1°6%- 0°'0 0°06-
(3op) (3=p) {Bap) (3ap) (32p) (Bsp) (32p) (3sp) (3°p)
wd ®39Y L wyd 3194, wqd ®joY ] vDO VO VOl
ung o) UOOJN 03 yjres o3 so|duy
sa18uy oo so(8uy joor] sa18uy joor Tequiny NI

asejiajur A1juyg
uonyeredas JNG/IND
juswudireax NI uideg

P1OY apniijje jerjaaut
‘apnjrjie AIjus oj IIJANSUBRWH

UO013}D9I10D 3SINOOPIN

IVININSATYT
A1jus o3 @8ueyd ‘jusurudijesaz

ANWI ui8aq ‘DLd 2jeurtuia]
D1d utdag

JUSATY

2€:06:161
00:€€:163
00:91:061

00:05:681

00-:06:8871

00:0¢-L87
00:GT:LLY

Ses:ulwdiay
auy
UoIS ST

(ponutjuo)) ylressuei], (p)

eje(] L10309fea] pue 9PNV 3JeIdodedg

‘II ®19®&L

63



Table III. F Mission IMU Matrices; Launch Date May 18, 1969;
72-Degree Launch Azimuth
Launch Pad
X Y z
X -0.80333901 0.07758623 -0.59044622
Y| =] 053013973 0.54483762 -0. 64969514
Z 0.27128991 -0.83494449 -0. 4788209
PTC
X Y z
X -0.5 -0. 8660254 0.0
Y| =|-0.79453912 0.45872741 0.39784005
zZ -0. 34453959 0.19892003 -0.91745479
Landing Site
X Y Z
X 0.95054742 0.01675490 -0.31012723,
Y| =1-0.29246011 -0.38436486 -0.87563163
Z -0.10453089 0.92302923 -0.37025716
Entrz
X Y z
X 0.82559319 -0. 00450212 -0.56424786
Y| =| 0.50208567 0.46219075 0.73095123
z 0.25749931 -0.88676912 0.38384198
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| . Table IV, Prime Landmark Tracking Targets for May 18, 1969 Launch

Landmark Nomenclature Latitude Longitude Altitude (n mi)
IP for CP1 0. 000 178. 438E 0. 00
‘ CP1 0. 875N 170. 146 E 0. 00
IP for CP2 0. 800N 132. 480E 0. 00
CP2 1. 000N 127. 400E 0.00
] IP for F-1 1. 280N 93. 840E 0. 00
F-1 1. 600N ' 86. 880E 0. 00
IP for B1 1. 505N 40. 105E -0.97
] B1 (LS1 landmark) 2. 522N 35, 036E 1. 49
IP for 130 1. 885N 28. 726E -1.03
130 (LS2 landmark) 1. 266N 23. 679E -1.68
IP for 150 0. 300N 3.383E 0.30
150 (LS3 landmark) 0.283N 1.429W -1.00
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(ANY VECTOR)

¢ MEASURED FROM MINUS Z-BODY AXIS POSITIVELY ABOUT
X-BODY AXIS TO VECTOR PROJECTION IN Y-Z PLANE

6 SMALLEST ANGLE FROM X-BODY AXIS TO VECTOR

Figure 1. Spacecraft Body Aspect Angles
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-

MISSION TIME
75:51:45

START FIRST REVOLUTION
LOI-1 CUTOFF

(-173.4, -20,1, -3.6)
INERTIAL ATTITUDE HOLD

TERMINATE FIRST
REVOLUTION

ROLL 180 DEG FOR COMMUNICATIONS
(~147.7,-20.1, 176.4)
INERTIAL ATTITUDF HOID

-131.8

. -119.0

SELEMOGRAPHIC LONGHTIDE (DEGH
MANEUVER TO LUNAR
OBSERVATION ATTITUDE
=450, 0 0, 180.0
LtOCAL ATTITUDE HOLD

MANEUVER TO SLEEP
ATTITUDE FOR
COMMUNICATIONS REACQUISITION TEST
45,5, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

BEGIN IMU REALIGNMENT
(-34.9, 0.0, 180.0

TERMINATE LOCAL HOLD

®

(-45.0, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

LEGEND:
[]  SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

SPACECRAFT SUNSET

W seacecrarr LOSS OF MSFN LINE OF SIGHT
() sPacecmas sunmise
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 3. First Revolution Major Events and Attitudes
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MISSION TIME
77:57:30
START SECOND REVOLUTION
€154.2, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

180.0
- BIE v

N\

SHENOCKAPHIC LOMGITUDE (DEG) et 1004 D

/7
vy,
/,’,/

I
/ '//y/,// /////// / /o // .

ROIL 45 DEG TO

IMPROVE vISIIAL

OB PYATION NEAR

FAOFNING TERMINATOD
a5, 180 O

I TIAL ATTITHIDE WO 1

7
MANEUVER TO (O1-2
BURN ATTITUDE
136.7, -2.4, 0.1
INERTIAL ATTITUDE HOLD

BEGIN 1My
REALIGNMENT
-14.8, 0 0, 180.0

. ®

LEGEND

D SPACECRAFT ACQUISITION OF MSEN LINE QOF S5IGHT
' SPACECRAFT SUNSET
B 5PACECRAT LOSS OF MSFN LINE OF SIGHT
O SPACECRAFT SUNRISE
X, XX, X X) - VEHICLE ATTITUDE RELATIV Y

TO THE LOCAL HORIZONTAL ORIENTATION,
| IPITCH, YAW, ROLLY

Figure 4. Second Revolution Major Events and Attitudes
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MANEUVER TO
LANDMARK TRACKING
ATTITUDE FOR f-}
-131.9, 0.0, 0.0}
INERTIAL ATTITUDE HOLD

MISSION TIME
81:45.00

i OCCUPIED
&

- BRIk

BEGIN MU

MISSION TIME

8 39
START THIRD REVOLUTION

LO(-2 BURM CUTOFF
(-176.9, -2.4, 0.1)
INERTIAL ATTITUDE HOLD

~.
o
&
~

/' SELENOCRAPHIC LONGITUDE DEG

ROLL 180 DEG FOR

COMMUNICATIONS

1-149.5, 2.4, -179.9)

INERTIAL ATTITUDE HOLD
7/

REALIGNMENT

-14.1, 0.0, 180.0) TERMINATE LOCAL HOLD
1-45.0, 0.0, 180.0)
INERTEAL ATTHTUDE HOLD
LEGEND:

]
L
u
O

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET
SPACECRAFT LOSS OF MSFN LINE OF SIGHT
SPACECRAFT SUNRISE

X} VEMICLE ATTITUIDE RELATIVE

(X.x, KK, X.X}
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

MAMEYJER TO

LUFiAR OBSEPVATION
ATTIT IOt

S45 G, 0.0, 186 3
LOCAL ATHITUDE HOLD |

Figure 5. Third Revolution Major Events and Attitudes
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ACCEPTABLE MARKING REGION
90 SEC

5
35°

S\ " LANDMARK

TOPOCENTRIC HORIZON

W5

4.6

Figure 6. Landmark Tracking Geometry for a 60-Nautical Mile
Circular Lunar Orbit
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MISSION TIME
82:00:42

START FOURTH REVOLUTION
(-90.2, 0.0, 0.0)

INERTIAL ATTITUDE HOLD

MISSION TIME
83:55:00
LM UNQCCUPIED

Q 1o

START -0.3 DEG /SEC

PITCH RATE FOR L ANDMARK
TRACKING ON F-1

1-2.1, 0.0, 0.0»

180.C

. -3y

SELENOGRAPHIC LONGITUDE 'DEG + —————tm 106.1 []

TERMINATE PITCH RATE
/ .-47.9, 0.0, 6.0}
INERTIAL ATTITUDE HOLD

TEREINATE [
COMMUNICATION
TESTS

54.1, 0.0, 132.0t
INEQTIAL ATTIIUDE HOLD

MANEUVER TO LANDMARK
TRACKING ATTITUDE FOR B!
€-35.5, 0.0, 0.01

INERTIAL ATTITUDE HOLD

START -0.3 DEG SEC
PITCH RATE FOR LANDMARK
TRACKING ON BI
-2.1,0.0, 0.00

INERTIAL ATTITUDE HOLD

START LM

COMMUNICATIONS
TEST MANEUVER 1O
=218, 6.0, 135,51 SLEEP ATTITUDE
(NERTIAL ATTITUDE HOLD 1-49.9, 0.9, 135.0 TERMINATE P R
INERTIAL ATTITUDE HOLD ~47.0, 0.0 ”.CH AE
INEPTIAL ATTITUDE HOLD
LEGEND

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECKAFI LOSS

VE G

omeud

SPACECRAFT SUNRISE

X.X; X. X, X.X) - VEHICLE ATTITUDE RELATIVE
10 THE LOCAL HORIZONTAL ORIENTATION;
iPITCH, YAW, ROLL)

Figure 9. Fourth Revolution Major Events and Attitudes
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MISSION TIME

64:01:51

START FIFTH REVOLUTION

(150.8, 0.0, 135.0)

INERTIAL A'T“'IUDE HOLD
1

O -139.9

SELENOGRAPHIC | ONG ITUDE (DEG) ~—— 105.7

MISSION TIME
84.45
START CREW SLELP PERIOD

& )

(7] sPacecrarT ACQUISITION OF MSEN LINE OF SIGHT

LEGEND-

@  sPacecrarT sunser
- SPACECRAFT LOSS OF MSFN LINE OF SIGHT
(O seacecrast sunmise

20X, XX, X, X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION,
(PITCH, YAW, ROLL)

Figure 10. Fifth Revolution Major Events and Attitudes
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MISSION TIME
:00:0

'START SIXTH REVOLUTION
{149.7, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

O -144,0

- 1141

/1054 0
SELENOGRAPHIC LONGITUDE 1DEG) .

2% |

LEGEND:

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
‘ SPACECRAFT SUNSET
e | W SPACECRAFT LOSS OF MSFN LING OF SIGHT . A I o
i ’ ‘ ()  SPACECRAFT SUNRISE
(X, X, X.X, X.X) - VEMICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
{PITCH, YAW, ROLL)

Figure 11, Sixth Revolution Major Events and Attitudes
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MISSION TIME

7 1
START SEVENTH REVOLUTION
(is8.7, 0.0, 135.00

INERTIAL AlTI_TUD( HOLD

CEOIOCRARC (O ETHNE () et 101 D

,//, ¥ 77 7 7/ A
¢ / Y ///// /; /////,/, /, é/ ;
T CATs [

-Q
LEGEND: "/

[ sPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

@ sractararr sunser
Bl SPACECRAFT LOSS OF MSFN LINE OF SIGHT
O SPACECRAFT SUNRISE

TQ THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL}

(XX, XX, X.X) - VEHICLE ATTITUDE RELATIVE $

Figure 12, Seventh Revolution Major Events and Attitudes
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MISSION THME

89:56:2) .

START £1GHTH REVOLUTION
(147.6, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

SELENOGRAPHIC LONGITUDE (DEG) ~mmem———tmm- 106, 1

LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

o0

SPACECRAFY SUNSET
SPACECRAFT LOSS OF MSFN LINE OF SIGHT

on

SPACECRAFT SUNl.ISE

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL) .

Figure 13. Eighth Revolution Major Events and Attitudes
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MISSION TIME

9):54;31

START NINTH REVOLUTION
(146.6, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

O -143 9

/ 180.0 =

SELEMOGHFAPHIC LONGHUDE D) —————m 1059 D

MISSION TImE _‘—:’/
%3.00 00 @

CREW WaKFUP

LEGEND

D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@ seactcrant sunser
I SPACECRAFT LOSS OF MSEN LINE OF SIGHT
(O seacecrart sunmise
IX.X, X.X, X X} - VEHICLE ATTITUDE RELATIVE

TO THE tOCAL HORIZONTAL ORIENTATION;
PITCH, YAW, ROLL)

Figure 14. Ninth Revolution Major Events and Attitudes
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O -145.0

MANEUVER TO LANDMARK TRACKING /

ATTITUDE FOR 130

(128.1, 0.0, 0.00

INERTIAL ATTITUDE HOLD
-

MISSION TIME

93:52-41

START TENTH REVOLUTION
(145.5, 0.0, 135.0)
INERTIAL ATTITUDE HOLD

SELEND GRAPHIC | ONGITUDE (DEG ) ——mm 105 6

BEGIN IMU REALIGNMENT @
-25.4,00 135 00

LEGEND:

omeo

SPACECRAFT ACQUISITION QF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSEN LINE OF SIGHT
SPACECRAFT SUNRISE

(XX, X.X, X.X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL)

Figure 16. Tenth Revolution Major Events and Attitudes
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MISSIOM TIME
94 25 00
LM OCCUPIED




ROLL 189 DEG

TO UNDOCKING ATTITUDE

«-108.2, 00

INERTIAL ATTITUDE HOLD

MISSION TIMES

95:50:51

START ELEVENTH REVOLUTION
i-153.4, 0.0, 0.0)

INERTIAL ATTITUDE HOLD

MISSION TIME

97.45:00
AGS CALIBRATION TEST

180.0) :

SELENOGRAPHIC LONGITUDE 'DEG ! ———————tm )5 .

>
>IS2

START -0.3 DEG/SEC
PITCH RATE FOR
LANDMARK TRACKING
ON 130

=2.1, 0.0, 0.0»

LEGEND:

SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
SPACECRAFT SUNSET

SPACECRAFT LOSS OF MSFN LINE OF SIGHT TERMINATE

PITCH RATE

oment

SPACECRAFT SUNRISE

MANEUVER TO 1-47.0, 0.0, 0.0)
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE $ ;JNDOCK!NG ATTITUDE, INERTIAL ATTHTUDE HOLD
O THE LOCAL HORIZONTAL ORIENTATION; \%LEDJG(? DEG
(PITCH, YAW, ROLL) { .1, 0.0, )]

INERTIAL ATTITUDE HOLD

Figure 17. Eleventh Revolution Major Events and Attitudes
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MISSION TIME

97:49:01

BEGIN TWELFTH REVOLUTION
(-50.4, 0.0, 180.0)

INERTIAL ATTITUDE HOLD

MISSION TIME

99:33:59

LM DO BURN IGNITION
CSM (-145.0, 0.0, 0.0}
LM (180.0, 0.0, 0.0)
INERTIAL ATTITUDE HOLD

180.0

i41.8

6.1

LM MANEUVER TO
DO1 BURN ATTITUDE
CSM (-112.8, 0.0, 0.0}
M (164.9, 0.0, 0.0
INERTIAL ATTITUDE HOLD

52
—@
/
BEGIN IMU REALIGNMENT
CSm 1174.3, 0.0, 0.0V
LM (49.3, 0.0, 0.0V
INERTIAL ATTITUDE HOLD

LEGEND:

[T sPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@ sractomar sunser

B SPACECRART LOSS OF MSEN LINE OF SIGHT

QO  sacecrart sunmse

e o omm TERMINATE SPACECRAFT EVENT SEQUENCE

{X. X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORENTATION;
{PITCH, YAW, ROLL)

Figure 18,

84

DEPLOY LM LANDING GEAR
(-32.3, 0

.0, 180.0}
INERTIAL ATTITUDE HOLD

MISSION TIME
98:10:00

UNDOCKING

CSM (1.3, 0.0, 180.0)

LM i-186.7, 0.6, 120.0)
\ \ INERTIAL ATTITUDE HOLD

BEGIN LM INSPECTION
CSM (21.3, 0.0, 180.0}
M (-68,7, 0.0, 0.0)
INERTIAL ATTITUDE HOLOD

105.7

—

SELENOGRAPHIC
LONGITUDE (DEG

Cot ROLL 180 DEG

FOR COMMUNICATIONS
CSm 350,00, 0.0

LM .-55.0, 0.0, 0.00
INERTIAL ATTITUDE HOLO

MISSION TIME
98 35 18

C3M SEPARATION BURN IGNITION
CS5M 1900, 0.0, 0 01

1M 10.0, 0.0, 0.00

INERTIAL ATTITUDE HOLD

MANEUVER TO SXT-vHF RR
TRACKING ATTITUDE

CSM (136.1, 00, 0.0y

WMt t, 00,00
LINE-OF - SIGHT MAINTENANCE

Begin Twelfth Revolution to DOI Burn Ignition




MISSION TIMES
95:50:51
START ELEVENTH REVOLUTION

(-153.4, 0.0, 0.0}
INERTIAL A.TTHUDE HOLD

MISSION TIME
97:45:00
AGS CALIBRATION TEST

ROLL 180 DEG
10 UNDOCKING ATTITUDE
«-108.2, 0 0, 180.0} ‘.
(NERTIAL ATTITUDE HOLD

SELENOGPAPHIC LONGITUDE 1DEG 1 ————pa 105 ¢

START -0.3 DEG/SEC
PITCH RATE FOR
LANDMARK TRACKING
ON 130

-2.1, 0.0, 0.0y

SPACECRAFT SUNSET
SPACECRAFT LOSS OF MSFN LINE OF SIGHT

o] [ Jui

LEGEND:
SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT

TERMINATE
PITCH RATE
SPACECRAFT SUNRISE MANEUVER 10 oo 0.0
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE UNDOCKING ATTITUDE, INERTIAL ATTITUDE HOLD
TO THE LOCAL HORIZONTAL ORIENTATION; ROLLED 180 DEG
(PITCH, YAW, ROLL) (120.1, 0.0, 0.0)

INERTIAL ATTITUDE HOLD

Figure 17. Eleventh Revolution Major Events and Attitudes
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MISSION TIME

97:49:01

BEGIN TWELFTH REVOLUTION

(-50.4, 0.0, 180.0)

INERTIAL ATTITUDE HOLD DEPLOY IM LANDING GEAR
(~32.3, 0.0, 180.00
INERTIAL ATT{TUDE HOLD

MISSION TIME

99:33:59

LM DOI BURN IGNITION
CSM (-145.0, 0.0, 0.0)

LMm (180.0, 0.0, 0.0
INERTIAL ATTITUDE HOLD

MISSION TIME
98:10:00

UNDOCKING

CSM (13.3, 0.0, 180.0)

LM i-186.7, 0.0, 120.0)
INERTIAL ATTITUDE HOLD

BEGIN LM INSPECTION
CSM (21.3, 0.0, 180.0)
LM {-68.7, 0.0, 0.0}
INERTIAL ATTITUDE HOLD

SELENOGRAPHIC
LONGITUDE 'DEG

LM MANEUVER TO
DO BURN ATTITUDE
Csm (-112.8, 0.0, 0.0
LM 1164.9, 0.0, 0.0
INERTIAL ATTITUDE HOLD

CSa ROLL 180 DEG

FOR COMMUNICATIONS
CSM135.0, 0.0, 0.0

LM =550, 0.0, 0.0)
INERTIAL ATTITUDE HOLD

MISSION TIME

9 35 16

CSM SEPARATION BURN IGNITION
<M 190.0, 0.0, 0 O

LM 0.0, 0.0, 0.01

INERTIAL ATTITUDE HOLD

MANEUVER TO “XT-VHF RR
TRACKING ATTITUDE

CSM (136.1, 0.0, 0.0¢

Mt 1, 00,001
LINE-QF-SIGHT MAINTENANCE

!
BEGIN IMU REALIGNMENT
CSM (174.3, 0.0, 0.00
LM i49.3, 0.0, 0.0!
INERTIAL ATTITUDE HOLD

LEGEND:

[ sPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
@ sraceomar sunser

B SPACECRAFT LOSS OF MSFN LINE OF SIGHT i
QO  sracecrart sunmse

we s o oe TERMINATE SPACECRAF T EVENT SEQUENCE

(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL OMENTATION;
(PITCH, YAW, ROLL)

Figure 18. Begin Twelfth Revolution to DOI Burn Ignition
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MRS ION TIME
g9 32

DO BURN CUTOFF
-179.2,0.0, 0.00

MANEVER TO TRACK INC

ATTITUDE

Figure 20.

MANEUVER TO
PDIATIITUDE
45 6, 0.0, 180 0
INERTIAL ATTITUDE HOLD

MG T
10 46 1
PHANMNG BUSN IUNITION

283 00 2
(NERTIAL ATTITUDRE HQLD

Cur O R
TRACKING 10 Fra dhals
BURN CUITORE

1EGEND

[} sraCtCRarT ACQUISIION OF MSEN LINE OF SIGHT
@ rccatsuns
Bl raocrar 0SS OF MmN L O e

O SPACECRAFT SUNRISE

SPACLLFALT TRAC M ING PERIOD

——— BEC N SPACECRAFT EVENT SEQUENCE

—— e TERAMINATE SFACECRAFT EVENT SEQUIENCE
XXX X, X XD - vEHICLE ATTITUDE RELATIAE

TO THE LOCAL HORIZONTAL ORIFNTATION
(PITCH, YAW, ROLL)

DOI Burn Cutoff to Phasing

86

Burn Ignition

C54 ROLL 180 DEC
KEUPMAE TRAC K ING.
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SELENOGRAPHIC
LONGITUDE (DEG)H

96.8  CSM M INSEPTION

BURN ATTITUDE

e

BESCENT STAGE 1ETTIEON
1809, 43, 180 3
MANEUYER TO IMCERTION
BURN ATT|TUDE

MISSION TIME
102-43 18
INSERTION BURN IGNITION
$155.6, 0.0, 180.Q)
INERTIAL ATTITUDE HOLD

MISSION TIME

100-47-03

PHASING BURN CUTOFF
131.1,0.0,0.00
INERTIAL ATTITUDE HOLD

LEGEND:
D SPACECRAFT ACQUISITION OF MSFN LINE OF SIGHT
. SPACECRAFT SUNSET

- SPACECRAFT LOSS OF MSEN LINE OF SIGHT

(O sPacecearT sunRise

== SPACECRAFT TRACKING PERIOD

== BEGIN SPACECRAFT EVENT SEQUENCE
= -e o= TERMINATE SPACECRAFT EVENT SEQUENCE
(X.X, X.X, X.X) - VEHICLE ATTITUDE RELATIVE

TO THE LOCAL HORIZONTAL ORIENTATION;
(PITCH, YAW, ROLL}

Figure 23. Phasing Burn Cutoff to Insertion Burn Ignition
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Figure 24. Insertion Burn Cutoff to CDH Burn Ignition
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Figure 25. CDH Burn Cutoff to Docking
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Figure 26.
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Figure 27.
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Figure 28. Eighteenth Revolution Major Events and Attitudes
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Figure 29. Nineteenth Revoluti
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Figure 30. Twentieth Revolution Major Events and Attitudes
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Figure 31. Twenty-first Revolution Major Events and Attitudes
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Twenty-second Revolution Major Events and Attitudes
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Figure 36. Twenty-fourth Revolution Major Events and Attitudes
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Figure 37. Twenty-fifth Revolution Major Events and Attitudes
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Figure 38, Twenty-sixth Revolution Major Events and Attitudes
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Twenty-seventh Revolution Major Events and Attitudes
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Figure 40. Twenty-eighth Revolution Major Events and Attitudes
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Figure 41. Twenty-ninth Revolution Major Events and Attitudes
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Figure 42. Thirtieth Revolution Major Events and Attitudes
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Figure 43. Thirty-first Revolution Major Events and Attitudes
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Figure 44. Start of Thirty-second Revolution to TEI Burn Ignition
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